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THE 1200-VOLT RAILROAD—A STUDY OF ITS VALUE 

FOR INTERURBAN RAILWAYS 


BY CHARLES E. EVELETH 


The various 1200-volt interurban railways have now been 
operating a sufficient length of time to prove that there are no 
material objections to the use of this voltage on passenger cars. 
The nature of such minor difficulties as have been experienced 
have been such that their correction has required only detail 
changes of design which have been readily made. The important 
items of reliability and low cost of upkeep have met all expecta¬ 
tions. 

A single statement regarding the motors may explain the reason 
for this successful performance. On the Pittsburg, Harmony, 
Butler & Newcastle line where the service is unusually severe on 
account of grades and curves, a considerable number of 
the brushes originally shipped in the motor brush holders are 
still in service, though many motors have now run over 150,000 
car miles, and the wear on the commutators is hardly perceptible. 
It can be stated from the performance of the 1200-volt system 
that nothing is jeopardized by the adoption of this system, 
and such economies as are possible by its use can generally be 
obtained without offsetting disadvantages. 

We may therefore assume that the 1200-volt system has 
“ found itself ” and a new system is thereby made available 
for consideration when studying the requirements of new rail¬ 
roads or extensions to existing systems. If desired, the cars 
may be run at equal efficiency and speed over tracks equipped 
for 600 volts. 

This being the case, the question naturally arises, what gains 
may be expected from the use of this higher voltage ? 

1 
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station operation The lunn u ^ sub- 

uiierarion. me 1200-volt system decreases the pn=+ 

getting power to the cars in two wavs • fir^t .u ^ ^ 

ways, nrst, reducmg the number 
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of substations, and second, increasing the substation efficiency 
by improving the load factor. This latter result may seem un¬ 
reasonable at first thought until one considers upon what grounds 
substation units are selected. They are not selected on the 
basis of heating, for it is probable that there are few interurban 
stations in this country running with 50 per cent machine load 
factor, and the average is certainly below 30 per cent for 
ordinary interurban conditions. It is generally necessary for 
the station unit to commutate within its overload guarantees, 
the maximum starting current of at least two trains starting 
simultaneously. i\.s the running current of a train is about one 
third of the starting current, and there are considerable peiiods 
during coasting and stops when the .train is taking no current, 
and, furthermore, there are generally times when no trains are 
on the section fed by an individual substation, the low load factor 
can readily be accounted for. If then the units are selected 
for peak conditions the capacity of each station will remain con¬ 
stant independent of the number of stations. It is evident when 
decreasing the number of substations, that is, increasing the track 
mileage fed by each station, that the average load will be greater 
and the substation load factor and efifciency improved. The 
total substation cost and operation will be decreased practically 
in proportion to the reduction in the number of stations. These 
advantages are net advantages since they are, in the 1200-volt 
system, obtained without being offset by extraordinary car 
equipment maintenance. 

^ Any railway is complex, but there are certain fundamental 
differences, namely track mileage, size of trains units, and sched¬ 
ule speeds, which have a definite influence on the cost of electri¬ 
fication. In order to obtain an idea of the advantages which 
may be expected with the use of 1200 volts as contrasted with 
600 volts, let us consider some concrete applications to different 
classes of conditions from which we may be able to draw some 
general conclusions. 


DESCRIPTION OP RAILROADS 



A. 

B. 

c. 

D. 

Length of road, miles, all single track... . 

100 

60 

Q 

100 

60 

1 nr\ 

100 

60 

Time between trains each direction, minutes. 

-tv/w 

60 

Cars per train. 

Seating capacity per car. 

• O 

1 

An 

1 
cr A 

1 

40 

0.5 

15 

28 

3000 

Distance between stops, miles. 

uo 

K 

OU 

o 

oU 

Schedule speed, miles per hour. 

o 

4.*=; 

•a 

QI£ 

1 

O ft 

Maximum speeds, miles per hour. 

60 

9000 

oO 

OO 

Car-miles per day. 

3000 

OO 

3000 
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In making these comparisons conservative values have been 
used, such as low substation costs, high cost of 1200-volt car 
maintenance, etc. so that the results will be conservative and 
the advantage rather less than might actually be achieved. 

It will be seen that the roads vary greatly in conditions, 
from the heavy railroad conditions of A, through heavy interur- 
ban B, light interurban (7, and very light traffic D, In fact, 
the cars of D will be no heavier than many city cars. See also 
Fig. 1. 

Cars. Based upon the requirements, the following data 
may be considered reasonable for the cars. 


CARS 

GENERAL DATA 



A 

B 

C 

D 


1200 

600 

1200 

600 

1200 

600 

1200 

600 


volt 

volt 

volt 

volt 

volt 

volt 

volt 

volt 

Number. 

60 

60 

15 

15 

17 

17 

20 

20 

Cost each. 

O 

o 

o 

$13,000 

$11,000 

,$10,000 

$8,000 

$7,000 

$5,000 

o 

o 

Weight, tons. 

46.5 

45 

36 

35 

27 

26 

IS 

17 

Amperes, starting. 

1200 

2200 

2S0 

520 

200 

370 

120 

220 

“ running. 

300 

574 

94 

174 

66 

124 

40 

74 

Kw-hr. per train mile. . 

11.16 

10.8 

2.88 

2.80 

1.89 

1.82 

1.08 

1.02 

Car-miles per day per 









car... 

150 

150 

200 

200 

176 

176 

150 

150 


It will be noticed that the power consumption which is '‘at 
the train ” is slightly more for the 1200-volt cars on account of 
the greater weight of their equipments. 


CARS 

COST OP MAINTENANCE 
Cents Per Car-Mile 



A 

B 

C 

D 


1200 

600 

1200 

600 

1200 





volt 

volt 

volt 

i 

volt 

volt 

volt 

volt 

volt 

Mechanical.. . 



1.00 

1.00 

.90 

.90 

.75 

.75 

Electrical. 



.77 

.70 

.60 

.55 

.55 

1 

.50 

Tots] * • - * 

2.24 

2.15 

1 .77 

1.70 


1.45 

1.30 

1.25 

Yearly cost... 

$73,500 

$70,500 

$19,400 

$18,600 



$14,300 

$13,700 


In this estimate, 10 per cent greater maintenance is allowed 
for the up-keep of the 1200-volt electrical equipment. As a 
matter of fact up to the present time no noticeable increase has 
been observed. 

Substations. In selecting the size of synchronous converter units 
for the stations they are in this case based on a maximum 
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momentary demand of two cars starting simultaneously, except 
in the case of system A where the size is based on the demand of 
one train starting and one train running. In each case a reason¬ 
able margin is allowed for occasional additional service. 




A 

B 



D 


1200 

volt 

600 

volt 

1200 

volt 

600 

volt 

1200 

volt 

600 

volt 

1200 

volt 

600 

volt 

Number of sub¬ 
stations. 

6 

14 

4 

9 

3 

6 

3 

5 

Est. momen- 
mentary de¬ 
mand, kw. .. 

1,440 

1,320 

336 

312 

280 

222 

192 

154 

Number of 

units. 

2 

2 

2 

2 

2 

2 

2 

2 

Size of each 
unit. 

1,000 

1,000 

300 

300 

200 

200 

150 

150 

Cost of sta¬ 
tion, each.. . 

$60,000 

$56,000 

$26,400 

$24,000 1 

$20,200 

$18,400 

$17,100 

$15,600 


The number of substations is dependent uj)on the maximum 
economical spacing, considered in conjunction with the cost of 
feeder copper and the allowable line drop with the assumed con¬ 
ditions of load. In each case it will be found that the addition 
of another substation to the number given in the data will not 
save its equivalent in cost of feeder copper. This brings up the 
question as to what may be considered equivalent feeder copper. 
The table below gives these equivalents. 


EQUIVALANT FEEDER COPPER TO REPLACE ONE SUBSTATION 



A 


B 


C 

D ' 


1200 

600 

1200 

600 

1200 

600 

1200 

600 


volt 

volt 

volt 

volt 

volt 

volt 

volt 

volt 

Annual cost of labor 









and material. 

$2,500 

$2,500 

$1,900 

$1,900 

$1,800 

$1,800 

$1,700 

$1,700 

Fixed charges. 

Interest. 5% 

Depreciation.... 3% 
Taxes and insur- 









ance. 3% 









Total.11% 

6,600 

6,160 

2,904 

2 640 

2,222 

2,024 

1,S81 

1,716 

Total.... 
For feeder copper the 

$9,100 

8,760 

4,804 

4,540 

4,022 

3,824 

3,581 

3.410 

interest, etc., will be 
approx. per cent 

Investment in feeder 
copper equivalent to 
each substa. will be.. 

1110,000 

106,000 

$58,300 

$55,000 

$38,800 

$46,400 

143,400 

$41,400 
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The acutal amount should be somewhat greater than these 
values, for with the addition of a substation there is a reduction 
in load factor on each substation, lowering the distribution 
efficiency. A curve is given, Fig. 2, to show the change in sub¬ 
station efficiency with change in the load factor on individual syn¬ 
chronous converters. This curve is for a station having 150-kw. 
to 300-kw. units. For the larger machines the curve would be 
about two per cent higher. 

It will be seen that the investment in feeder copper which 



must be saved to justify an additional substation will be approxi¬ 
mately times the cost of the substation. 

An examination of the diagram, Fig. 3, showing the “ location 
of substations” will give a fairly comprehensive view of the rail¬ 
road lay out and the location of the cars at any hour. 

Primary Distribution. This in each case will be the same 
for either system, except that the total length of the 600-volt 
transmission line will be slightly longer on account of the greater 
distance between the terminal stations. A flat price of S3,500 



1910 ] 


EVELETH: THE 1200-VOLT RAILROAD 


7 


per mile of transmission line is taken for system A, and $1,000 
per mile for system B, C, and D, 

It will make practically no difference where the power is fed 
to the high tension system. For the sake of simplicity it is 
assumed that power is purchased and delivered to the power 
house step-up transformers at one cent per kw-hr. 

Secondary Distribution. Track. For railroad A, 85-lb. rail is 
assumed. This has a resistance per mile, including bonding, 


LOCATION OF SUB-STATIONS 




TRAINS 




A-^l 1200 V.S.S.-Q- O-Q— — . Q -O _ 

<X3CK3<X)0OOCX30O-(>,., 


1'.41 


I TRAINS 
B'S 1200 V.S.S. 
^600 V.S.S. • 



8.0 





>. = 5 .. - 

f TRAINS —-—. 

^^ - 

D< 1200 V.S.S.-Q-^- 

^600 V.S.S. —O-O-^ 


o 

o 


Fig. 3 
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.'5.5 


of approximately 0.033 ohm. The other roads use 70-lb. rail 
having a resistance per mile of 0.04 ohm. A third-rail equivalent 
to a 1,000,000-cir-mil. feeder is assumed for A, and No. 0000 
trolley wire for the other roads. The values used in obtaining 
the feeder copper necessary are based on a maximum momentary 
drop of 250 volts for the* 600-volt systems and 500 volts for the 
1200-volt systems. This will give an average secondary dis¬ 
tribution dfficiency of approximately 90 per cent. 
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FEEDER COPPER REQUIREMENTS 



A 

B 

C 

D 


1200 

600 

1200 

600 

1200 

600 

1200 

GOO 


volt 

volt 

volt 

volt 

volt 

volt 

volt 

volt 

Stub End Calculations'. 









Trains starting and 









running... 

1-S 

1-S 

1-S 

IS 

IS-IR 

1-S 

1-S 

1-S 

Total current, amperes 

1200 

2200 

280 

520 

266 

»L 

370 

JL Vm/ 

140 

220 

Length stub end miles, 

4 . 5 

1.85 

8 

2$ 

10 

45 

10 

5.5 

Size copper required. . 

None 

1,000,000 

No. 000 

No. 0000 

No. 00 

300,000 

No. 0 

No. 00 

Between Substations'. 









Trains starting and 









running midway. .. 

IS 

IS 

IS-IR 

IS 

IS-IR 

IS 

IS-IR 

IS 

Amperes. 

1200 

2200 

374 

520 

266 

370 

160 

220 

Dist. between substa- 









tions, miles. 

18.2 

7.41 

2.08 

11.8 

40 

18.2 

40 

22.2 

Size copper required. . 

None 

1,000,000 

No. 0 

No. 0000 

No. 00 

300,000 

No. 0 

No. 00 

Total cost of feeder in- 









stalled. 


290,000 

53,200 

80,000 

60,000 

100,000 

50,000 

60,000 


FEEDER COPPER—COST PER MILE INSTALLED 


Size. 

No. 0 

No. 00 

No. 000 

No. 0000 

300,000 

1,000,000 

Cost. 

$500 

$600 

$700 

$800 

$1,000 

$2,900 


For track bonding -1450 per mile has been taken for A and $400 per mile for B, C and D. 


POWER CONSUMPTION 



A 

B 

C 

D 


1200 

600 

1200 

600 

1200 

600 

1200 

600 


volt 

volt 

volt 

volt 

volt 

volt 

volt 

volt 

Kw-hr. per day at 









cars. 

$33,500 

$32,400 

$8,640 

$8,400 

$5,670 

$5,470 

$3,240 

$3,060 

Converter load factor 

0.31 

0.13 

0.44 

0.19 

0.58 

0.28 

0.45 

0.25 

Efficiency (average) 









Substation. 

0.836 

0.69 

0.87 

0.76 

0.89 

0.823 

0.873 

0.803 

Secondary distribu- 









tion. 

0.90 

0.90 

9.90 

0.90 

0.90 

0.90 

0.90 

0.90 

Transmission. 

Step-up transform- 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 

0.98 

ers. 

0.98 

0.98 

0.97 

0.97 

0.97 

0.97 

0.97 

0.97 

Combined. 

0.722 

0.595 

0.745 

0.632 

0.761 

0.705 

0.748 

0.688 

Kw-hr. per day pur- 









chased). 

46,500 

54,500 

11,600 

13,300 

7,450 

7,750 

4.330 

4,440 

Cost per year at one 









cent per kw-hr... 

$169,000 

$199,000 

$42,400 

$48,600 

$27,200 

$28,200 

$15,800 

$16,200 
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COMPARISON OF SYSTEMS 



600 

volt 

per cent 

A 

1200 
volt 
per cent 

B 

1200 

volt 

per cent 

C 

1200 

volt 

per cent 

D 

1200 

volt 

per cent 

/.—First Cost: 






All electrification material. 

100 

79.4 

85.5 

88.0 

95.0 

11.—Fixed Charges: 






All electrification material. 

100 

S2 .■? 

87 8 

90.0 

96.5 

Operation and Maintenance: 



All electrification material. 

100 

85.8 

84.5 

89.9 

92.0 

IV.—Annual Cost 77+ 777: 






All electrification material. 

100 

84.0 

86.0 

90.0 

94.0 


PER 

CENT 


COIVIPAR^SON OF 600 V. & 1200 V. 
RAILWAY SYSTEMS. 


-H 

100 


90 


80 


70 


GO 


000 <- 
V. 


50 


40 


30 


20 


10 


0 


-1200 V.i—H -4® 


D 


B 






\\ \^ 
V\v 










\ 

^0- 


1200 V: 




D 


B 


^"1 


rat 

V. 


V.I 


.o 


1200 Vr 


D 


B 


I, 


*• * 


*^*11 


■*» •* 


FIRST COST 


FIXED CHARGES 


OPERATION 

^ & 

MAINTENANCE 


Fig. 4 
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In electrification material there is included under “ first cost 
and “ fixed charges,” (I and II) cars and car equipments, sub¬ 
stations complete, transmission line, trolley or third rail, low 
tension feeders and track bonding. 

Under “ operation and maintenance ” (III) of electrification 
material there is included rolling stock, substations, trolley, 
feeders and track bonding, and cost of power, i, e. all items which 
are affected by choice of system. Platform charges, general 
expenses, etc, common to both systems are not included. 

On examination of these results, which are based on con¬ 
servative figures on account of the relative newness of the 1200- 
volt system, it is apparent that the higher voltage effects econom¬ 
ies at points that can only be reached by a change more funda¬ 
mental than is possible with the lower voltage. 

The saving of IJ to 2 cents per car mile will permit a very 
material increase in dividends. 

It is further clear that the relative value of the higher voltage 
increases as the demand for power increases, and that below a 
certain size of equipment there would be practically no justifi¬ 
cation for the adoption of the higher voltage. Results are shown 
for convenience in graphical form Fig. 4, as this indicates clearly 
how the economies change with the change in the system. 

The place where the application of the 1200-volt system may 
be looked for in the immediate future is that field of interurban 
railroading where it has already made its successful start. 

Conclusion, In conclusion it appears that a conservative esti¬ 
mate of the economy obtained by a 1200-volt system as compared 
with the 600-volt system in the elements of a railroad which 
are effected by the choice of system, that is, all of the electri¬ 
fication material, would place these savings approximately as 


follows: 

1. First cost.10 to 20 per cent 

2. Fixed charges.10 to 18 per cent 

3. Operation and maintenance.10 to 15 per cent 


Furthermore, experience has shown that 

4. The 1200-volt system is just as reliable as the 600-volt system. 

5. Substations may be operated from a system of any commercial 
frequency. 

6. In specific cases the saving has been found materially greater than 
indicated in conclusions 1, 2 and 3, notably where the length of road is 
such that no substations are required for the 1200-volt system while 
substations are required for the 600-volt system. In some insatnces the 
savings have been as great as 25 or 30 per cent in the electrification 
material. 
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Discussion on ‘‘ The Twelve Hundred-Volt Direct-Cur¬ 
rent Railway System.” Philadelphia, January 10, 1910 

W.S. Murray: I want to speak of the New York New Haven 
and Hartford system, because in reviewing the paper tonight, 
I find that Mr. Eveleth has not mentioned, throughout all of his 
interesting lines, the single-phase system. 

It is to be noted that the discussion is strictly direct current 
direct current, and not direct current vs. alternating current. 
I believe there is a zone which is a function of traffic or distance, 
not the combination of both, but the one or the other, w'hich re¬ 
quires the use of a system as brought out in Mr. Eveleth’s paper. 

I should have been very much interested, if, in the classifi¬ 
cation that Mr. Eveleth has used (A, B, C, and D), a third 
system, the single-phase, had been introduced for comparison. 

I want to try to acquaint you with the conditions that exist 
oil the New Haven road in comparison with the conditions cited. 
For example in A the heaviest conditions are used. Let us 
assume the cars weigh 60 tons apiece, or say SO tons. Three of 
them will total between ISO and 240 tons for the train. Now 
with the New Haven, our trains run up to a maximum of 800 

tons. Our minimum weight of trains is over the maximum A 
conditions. 

I cannot pay too high a compliment to Mr. Eveleth for the 
earnest effort his paper indicates. I would like to say this, 
however, that I think it is slightly more academic than would 
be the case if he had actual field data from which to make the 
compilations. The 1200-volt system, of course, has not been 
sufficiently long in operation to afford comparison, but the frame¬ 
work and the synopsis of the whole scheme is so well arranged 
that the highest tribute is due Mr. Eveleth for the manner in 
which he has put it together; and in the future, when electrical 
engineers are collectings such data, I can think of no better 

arrangement than the one which Mr. Eveleth has laid before 
us. 

One thing that struck me as important is the question of motor 
slip on the 1200-volt system. It is quite evident that eventually 
this system will include the 1200-volt motor itself, but it is the 
combinatmn of the 600-volt motor and 1200-volt line that is 
included in the paper tonight. Thus, in the event of the motor 
slipping it does not eliminate the bad effect that would result 
in the collection of the full voltage across the terminals of the 
motor, and while low motor speed would take care of mechanical 
difficulties, the slip would inevitably lead to commutator flash- 
overs of a serious nature. 

Reference is made to the conditions of a 250-volt drop in a 
500-volt line, ,or a 500-volt drop in a 1200-volt line. Some 
electricay engineer has, paraphrased an old saying, which now 
reads. It is voltage that makes the mare go.” In order to 
find out the drop in the New Haven system during the rush 
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hours of the morning and afternoon, voltmeter readings were 
taken at Woodlawn, 18 miles from the power station. The 

voltage never fell below 9,800. 

Another point in this paper is that the calculations are based 
on theoretical assumptions of trains taking current in the vicinity 
of substations. Upon the basis of this assumption many of 
the financial considerations of the paper are involved, and one 
can see in an instant that this is the crux of the whole situation. 
If I had attempted to write the paper, I should have made the 
same assumption. While it seems perfectly reasonable to 
make these assumptions, at the same time this brings out the 
academic feature to which I have referred, and emphasizes the 
fact that we lack the data of actual 1200-volt practice. 

One point I want to make tonight, more than an 3 rthing else, 
is that electricity can certainly wear a great many different 
suits of clothes. I think the 1200-volt system has come to stay, 
and that it is applicable to certain classes of interurban service. 
The first reason, to me, for its adaptability to these conditions is, 
that it does away with something that has been a nightmare 
to us, particularly on the New Haven road. In nearly every city 
there is and will be direct current. One of the earliest mistakes 
made with the single-phase was the attempt to combine it with 
direct current. I would like nothing more than to be able to 
eliminate direct current from our system. I think the best 
reasons for the existence of the 1200-volt system are the excellent 
opportunity it affords for the reduction or elimination of sub¬ 
stations in rural territory, and the facility with which motors 
operating on lines of this voltage can be made to accommodate 
themselves to equally efficient operation on 600-volt city lines, 
bringinginto sharp contrast the obnoxious arrangement of the com¬ 
bined alternating and direct current equipment. 

Dr. Hutchinson has recently given us an interesting paper in 
which he has cited the true conditions’for the application of a 
three-phase system. Just as the 1200-volt system will be ap¬ 
plicable to interurban roads, conditions will likewise be met in 
another case, where the three-phase must step in as the pre¬ 
ferred system. That system which figures the least first cost 
and operating expense must rule. That is one thing I think we 
ought to realize, namely, that, if we make a success of some¬ 
thing, it does not necessarily follow that it applies to every¬ 
thing else. 

Now I want to acquaint you a little more thoroughly with the 
New York, New Haven & Hartford conditions. First, it is a 
trunk linft proposition; 60 miles of four-track road. This mileage 
covered the primary consideration, with its possible extension 
to Boston, the total distance of which would then be 220 miles. 
As I have stated before, our passenger train weights reach a 
maximum of 800 tons, and the service between New Haven 
and New York would require as many as 175 trains daily. Oii 
the freight side of the schedule, trains of 1500 tons are common; 
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the average being in the neighborhood of 1200 tons, and as many 
as 80 of these trains are in daily operation between New Haven 
and New York. In reviewing these conditions it is clear that 
nothing under the classification of Tl, C and D even approx¬ 
imates them. 

The history of alternating current shows that it has steadily 
replaced direct current wherever power and distance are in¬ 
volved. What greater field for the application of this agency 
exists, than an 800-ton Pullman train which may be seen stand¬ 
ing in the Grand Central station, with sign boards marked 
‘" Boston.” As an electrical engineer, is not your first mental 
conception of this train associated with power and distance ? 

One of the points in Mr. Eveleth’s paper that has particularly 
interested me, is the gradual betterment in first cost and opera¬ 
ting expenses by the use of a 1200-volt system in preference to 
the 600-volt, as it passes from the conditions imposed by city 
requirements to light interurban traffic, and finally to those 
conditions required in heavy interurban traffic. This sueo-ests 
to me the system that comes into play after the 120&volt 
system has done its best. It is fair to assume that 1200 volts 
on the diiect-current motor will not be exceeded. Thus, with 
the motors in series it is possible to establish a 2400-volt line. 
This may widen the field of application of the 1200-volt system 
for interurban work, but its competition under trunk line con¬ 
ditions, such as obtain on the New Haven road, disappears when 
compared with single-phase current with 11,000 volts overhead. 
There is nothing to prevent a higher voltage than 11,000. It is 
not impossible to^ conceive of 22,000-volt transcontinental lines 
foi the future. 4he increase of voltage by direct-current system 
is limited on, account of the impossible condition imposed of 
increasing the voltage of the motor to an impracticable point, 
while^ in the case of the single-phase system the very antithesis 
of this condition holds,‘in that it is perfectly possible to raise 
the line voltage and reduce the motor voltage even lower than 
that at present used. 

In connection with a single-phase system, I wish to say that I 
thoroughly believe its principal application is relegated to 
just one thing, trunk line traffic. I do not think, except for 
isolated branch or interurban lines that come within the zone of 
power supply from a trunk line system, that it is applicable to 
interurban or city lines, but I believe it is the only system today 
which can produce the economies that a railroad president and 
his board of directors would listen to, in the matter of steam 
road electrification. 

Now a word as to why I believe this. One of the greatest 
and most unproductive mileages of steam lines in the eastern 
territory consists of yards, sidings and branch lines. In such 
territory as is involved by our Atlantic coast lines, let us say 
between Boston, and, for the present, Washington, think of 
the innumerable yards that must be electrified in order to handle' 
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freight by electricity. The greatest economy can only be ob¬ 
tained by using high voltage power. Mr. Stillwell compiled some 
very interesting figures in regard to the efficiency of electricity 
for steam railroad traction. Using some twenty steam loco¬ 
motives over a long period of test we have been able to corrob¬ 
orate these figures, and establish the ratio of 1 to 2, for coal 
burned in electric vs. steam traction, with the density of traffic, 
for instance, such as exists on the New Haven road. It is un¬ 
questionably true that if these large areas are to be electrified it 
will be impossible on a direct-current basis to put up a sufficient 
amount of copper to handle with proper economy the require¬ 
ments in the yards for switch and road engine work. We must 
go to the high-voltage low-priced conductor. The use of the 
third-rail is prohibitive, for two reasons; first, it is dangerous; 
and second, the costs involved are on a lineal basis; that is to 
say, it may be feasible to lay down a main line third rail, but 
in the case of yards it fails in comparison with the economies 
that can be effected by the overhead conductor. The cost of 
the overhead system in yards has been reduced to about one 
half, or perhaps 35 per cent, of the cost of main line electrification, 
and in this way these large unproductive areas may be taken 
care of. 

L. B. Stillwell: I should like to point out briefly certain 
general considerations which engineers should keep in mind 
when they have occasion to deal with this problem of selecting 
a system for the electrical equipment of interurban or other 
railway lines. 

While the problem presents itself in each instance as a question 
of selection of a system to meet certain definite requirements, 
a correct solution must take into account certain general con¬ 
siderations which at first sight are not obviously included in the 
local problem. 

We have in the United States something like 220,000 miles 
of railway lines operated by steam. We have in our cities and 
towns many thousands of miles of track used by electrically- 
driven equipment and practically all of this equipment is oper¬ 
ated by direct current at a potential of from 500 to 600 volts. 

Outside our cities, great progress has been made in supple¬ 
menting transportation facilities by what are generally called 
interurban railways. In Illinois, Indiana and Ohio, approxi¬ 
mately 25 per cent of the aggregate steam railroad mileage is 
today paralleled by these interurban electric lines. These for 
the most part are operated by the direct-current system at 
600 volts, but a few are using the single-phase alternating-current 
system and a few others recently have been equipped with 1200- 
volt direct-current apparatus. 

Several of the great steam railroad companies recently have 
expended large sums of money in equipping certain of their 
terminals in large cities with electric power and at least one 
(the Great Northern Railroad) is using electricity to operate its 
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trains on a short section of a mountain division where special 
difficulties imposed by tunnel and grade had to be met. 

^ It requires no argument to prove that the time has arrived 
in the application of electric motive power to transportation 
when special solutions adapted to specific local problems should be 
avoided unless they are in line with general tendencies; in other 
words, engineers investing millions of other peoples’ money are 
bound to direct these expenditures, so far as practicable, along 
lines which recognize the natural and inevitable tendency in rail¬ 
road work to standardize everything essential to interchange of 
traffic. 

Mr. Eveleth’s paper admirably compares the 1200-volt and the 
600-volt direct-current systems in the field of interurban trans¬ 
portation and, within the limits of the problem which he con¬ 
siders, the advantages of the 1200-volt system are manifest. 
Broadly speaking, his paper presents figures which show that 
the higher voltage possesses advantages which in certain kinds 
of service are more than an offset to its disadvantages. 

^ It is an obvious and fair deduction that the possibilities and 
limitations of voltages still higher must be carefully considered. 
A comparison of the 1200-volt direct-current system with a 
10,000-volt single-phase or three-phase alternating-current 
system, as applied to the operation of heavy passenger and freight 
trains such as are operated by the steam railroads of the country, 
would show advantages for the latter analagous to those which 
the 1200-volt system possesses when compared with the 600-volt 
system in the class of service which Mr. Eveleth considers. 

There are two methods by which electric railway service 
outside the zone of natural application of the 600-volt system 
can be standardized with respect to those things which are essential 
to interchange of rolling stock. One is the method; which 
Germany has adopted. _ Essentially it consists in (1) careful study 
by a competent commission of the broad problem of railway 
electrification; (2) selection of that system which present knowl- 
edge points to as best adapted to a general solution; and (3) 
concentration of effort in perfecting the details of a system 
selected. 

The other is the method which thus far we are trusting to 
in Anierica. This method assumes that each specific problem of 
electrification is to be considered independently of present or 
future relations. It ignores the obvious fact that the horizon 
of present '' zones of electrification ” is sure to expand in the 
near future and that these horizons in many instances are certain 
to overlap before the expiration of a proper period of amortiza¬ 
tion of the capital invested in the apparatus selected. It trusts 
to the future to find a method of writing off whatever capital 
may be wasted by reason of short-sighted special solutions, 
secure apparently in the conviction that the owners of the prop¬ 
erty will find a method, and also equally secure in the belief 
that the premature scrap heap is not a source of loss to the 
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manufacturer of electrical apparatus whatever it may lepreseiit 

to the purchaser. . . 

One question which engineers should keep carefully in mine} 
is this: What part is the 12()0-volt system destined to plav 
in the future extension of the application of electric motive 
power to transportation. 

Germany has adopted the single-phase system at la (y\a'les 
and 10,000 volts. 

In America, opinion is divided. We are using as substitutes 
for steam locomotives the single-phase alternating-current 
system at 25 cycles and 11,000 volts, the three-phase alternating- 
current system at 25 cycles and 6600 volts, the direct-current 
S3^stem at 600 volts; and in each case electric locomotives more 
powerful than the heavy steam locomotives which they dis¬ 
placed are in effective and satisfactory service. The consensus 
of opinion now is in favor of 15 C 3 mles rather than 25 cycles lor 
single-phase working and, as Mr. Eveleth has shown, the 1200“' 
volt direct-current system possesses substantial advantages 
as compared with the 600 volt direct-current S 3 nstem for work 
outside city boundaries. The difficulty which electricit 3 '" faces, 
therefore, in challenging the superiority of steam in the held ()f 
transportation is not poverty of resources but embarrassment 
of riches. 


Two 3 ^ears ago, Mr. H. St. Clair Putnam and the speaker 
presented a paper before the Institute in which we advocated tin:' 
early standardization of those things essential to intercliange of 
traffic, e, g., the location of third rail, the frequency used in 
alternating-current systems, and the height of the ovcrli(‘a,d 
trolle3^. The cross fire under which we found ourselves wa.s un- 


usuall 3 " animated and vigorous. Since that time, however, some 
progress has been made. The engineers of both the leadiug 
American companies manufacturing electrical apparatus for 
traction purposes agree that where single-phase apparatus is 
used the frequency should be 15 cycles per second. .Probaldy 
it is safe to assume also that the height of the trolley wire a,l)ove 
track in the case of single-phase equipment has been practically 
agreed upon; at any rate, the New Haven engineers have se¬ 
lected a height which appears to meet all requirements and an 3 '" 
engineer who may adopt in future a different location will find 
it necessary to justify his choice by very strong reasons. 

In the cities we have the 600-volt direct-current system, 
h ew will dispute that if we were today called upon to electrify 

proportion of the existing steam railroads of the 
United States the 15-cycle single-phase alternating-current 
system would be chosen. Undoubtedly the use of other systems, 
su(ffi as the 1200-volt direct-current system, under conditions 
and tor certain kinds of service intermediate between the trollev 

trunk line service on our great railways, is 
justified in certain cases, but the engineer who recognizes tenden cies 
and recalls the rapidity with which the use of electricity has 
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expanded hitherto in the fields which it has entered, will be 
reluctant to adopt an intermediate system except in cases where 
his decision rests upon reasons unquestionably controlling. 

C .E. Eveleth: You may expect to hear me express an opinion 
as to whether or not the 1200-volt system would be adequate 
for the New Haven situation. I do not consider myself in a 
position to express an opinion at this time. I am not sufficiently 
familiar with the conditions and have not studied the problem 
in detail to analyze the various requirements. Without a 
thorough study of the situation, a guess as to whether 1200- 
volts would or would not be applicable would be meaningless. 

I agree with Mr. Murray’s objections to the complications of 
the combined single-phase and direct-current systems. I 
heartily agree 'with Mr. Stillwell in his expression of opinion 
that we should go slowly about adopting any system that will 
add complication to a situation already very complicated. Both 
of these conditions were borne in mind and it was to meet both 
of these broad and very important considerations that the par¬ 
ticular potential of 1200-volts has been selected instead of 1500, 
1800 and 2000, any of which would have been applicable for inter- 
urban practice. By the use of 1200 volts direct current on the 
trolley, and motors wound for 600 volts, the car may be operated 
at the same speed on either 600- or 1200-volt trolleys by con¬ 
necting the motors all in parallel for 600-volt operation and two 
in series and two groups in parallel on a 1200-volt section. 
By exactly doubling the voltage we thus take advantage of the 
economy of higher voltage with minimum complication of equip¬ 
ment. 

One road is now successful!}^ running with motors wound 
directly for 1200 volts on each commutator. The choice of 
individual motor voltage is one of the questions which must 
be considered in any particular case, as they may be wound for 
either 600 or 1200 volts. 

The reason I have gone no further in the comparisons than 
conditions assumed under A is merely that the 1200-volt system 
is a new arrival and I do not know into what field it may extend. 
In this connection I am reminded of the answer that Benjamin 
Franklin gave to some inquirer who had seen the first baloon 
ascension. The man asked what good it was and Franklin said: 
“ What good is a new bom baby?” We cannot tell and we do 
not know where these things are going to end. 

The trend of the future will depend on the operation of what 
we have, to a very large extent. What has been done in electri¬ 
fication of steam roads is comparatively small. Even in the 
case of the N. Y. N. H. & H. R. R. it is my understanding that 
the total cost of electrification is only about 3 per cent of the 
investment which the New Haven road has made for improve¬ 
ments in its system in the last seven years. Looking at the 
matter broadly, for the sake of unification we could afford to 
discard the millions of the present investments in steam road 
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electrification if a commission along the lines that Mr. Stillwell 
mentioned were sufficiently competent and foresighted to decide 
on exactly the right system for future development. 

Conditions in this country are vastly different from the con¬ 
ditions abroad. The Government here has practically no con¬ 
trol over the equipment of railroads. The principal influence 
there, which is unknown to us, is the question of military trans¬ 
portation which, for flexibility, necessitates a uniform equip¬ 
ment for an entire country. 

The choice of a system for heavy traction is quite a different 
problem from the choice for interurban service. Just as one 
tool fits one class of work, and another tool fits another class of 
work so there seems to be at the present time no one system 
best for all classes of service. I would regret very much to be 
considered an advocate of any one system. I hope to see the 
single-phase system ultimately make good because it has been 
the most promising from its inception on account of the apparent 
advantages in distribution, simplicity and cost. 
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ON THE SPACE ECONOMY OF THE SINGLE-PHASE 

SERIES MOTOR 


BY WM. S. FRANKLIN AND STANLEY S. SEYPERT 


It is not the object of this paper to argue for single-phase 
alternating-current electrification versus direct-current elec¬ 
trification, nor to argue for the locomotive versus the multiple- 
unit system of electric propulsion, nor to argue in favor of the 
a'xle motor as against the detached motor with side-bar or gear 
connections. The sole object of the paper is to discuss the 
Question as to the maximum single-phase series motor rating 
that can be placed within a given space, and indeed the authors 
approach this question, not on an absolute basis, but on a basis 
of comparison. Given a well-designed single-phase alternating- 
current series motor of the usual construction, as represented, 
for example, by the motors of the present locomotives of the 
New York, New Haven & Hartford Railroad (and every one who 
has seen these motors in operation must admit that they repre¬ 
sent a splendid achievement on the part of their designer) the 
question is how great an increase of rating can be realized by 
certain alterations in the design and by the use of certain new 
auxiliary devices. As will appear in the sequel, this question 
admits of a qualitative answer in every particular and of a 
quantitative answer in several important particulars. 

A single-phase series motor differs from a direct-current motor: 

1. Because its power-factor is less than unity. 

2. Because of greater core losses and because of power loss due 
to short-circuit currents. 

3. Because of a great tendency to spark at the commutator. 

From the view-point of the operating engineer, however, these 
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differences may present themselves as a single difference as 
follows: 

(a) For a given frequency and rating, satisfactory operation 
may necessitate a very bulky and expensive motor; or 

(b) For a given size and rating, satisfactory operation ma).^ 
require the use of a very low frequency; or 

(c) For a given size, given frequency, and given rating, it 
may be impossible to realize satisfactory commutation. 

Thus it may be said that the disadvantage of the single- 
phase series motor lies either in its excessive size, or in 
the necessity of using extremely low frequency, or in the 
unsatisfactory character of commutation. If, however, we 
choose a frequency of 25 cycles and set ourselves to meet the 
condition of satisfactory commutation—and we must meet this 
condition in any case—then the disadvantages of the single¬ 
phase motor reduce themselves solely to the question of size 
and weight. It is from this point of view that the authors 

approach the discussion of the single-phase series motor in this 
paper. 

In a recent paper by Messrs. L. B. Stillwell and H. St. Clair 
Putnam,* the single-phase series motor problem was reduced to a 
question of frequency, and from this point of view they reached 
the following conclusions: 


consideratioii of the facts now available lead us to conclude that not¬ 
withstanding the number and force of the arguments in favor of 25 cycles, 
a frequency of 15 cycles is preferable and should be adopted for heavy 
electric traction. The fundamental and, as it would appear, controlling 
reason which leads to this conclusion is the fact that within given di¬ 
mensions a matenally more powerful, efficient, and generally effective 

motor can be constructed for 15-cycle operation than is possi¬ 
ble if 25 cycles be selected. 


In the case of multiple-unit equipment of passenger cars where loco¬ 
motives are dispensed with and motors carried upon the car trucks it 
IS very important that the dimensions of motors be reduced to a minimum. 

_ In the application of single-phase commutating motors to locomotives 
in general railway service, the minimizing of motor dimensions is perhaps 
still more important, although in this instance the limitations imposed by 
the space available are less obvious. 


In the following discussion of the possibilities of space economy 
of the single-phase senes motor, frequ ent reference will be made 

Institute of Elearical Engineers, 19p7 

XXVI, Part I, pages 31-101. ’ 
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to the present electrical equipment of the New York, New Haven 
and Hartford Railroad, and the authors take occasion at this 
point to express their conviction that the equipment as it stands 
meets all of the conditions originally specified by the railroad 
company. This conviction is based in part upon a somewhat 
intimate personal association of the authors with the engineers 
of the New York, New Haven and Hartford Railroad, and in 
part upon the published records of the construction and opera¬ 
tion of the equipment. No one claims, however, that the New 
Haven electrification represents a complete and satisfactory 
solution of the problem of heavy trunk-line electric traction. 
Indeed the authors have been, assured by the New Haven engi¬ 
neers that the present eciuipment leaves much to be desired 
in the way of increase of motor-rating for a given weight of loco¬ 
motive, especially an increase of tractive effort at starting. 
Mr. E. H. McHenry, for example, has not hesitated to state his 
opinion that greater and longer continued tractive effort, 
especially at starting, must be made possible without increase 
of weight. 

Inasmuch as this paper refers almost wholly to matters of 
design, it is desiral)le to give a statement of the conditions which 
determine the design of a single-phase series motor. 

(а) To produce a moderately large power-factor, and 

(б) To reduce the tendency to spark at the brushes. 

Consideration of Power-Factor 

Fig, I is the well-known clock diagram in whicli / re|)resents 
the curi'ent flowing tlirough the motor, E the voltage acting 
across the motor terminals, Y; I and Rf I the reactance and re¬ 
sistance drops respectively in the field winding, Y,, / and Ra I 
the reactance and resistance drops respectively in the armature 
and neutralizing windings combined, and Ec the induced counter 
electromotive force in the annature due to rotation. It is 
evident from this Fig. that a large power-factor (small value of 
the angle 6) depends upon a large value of in comparison 
with Xf I and Y^ I. (3f course Rf I and Ra I should both be as 
small as possible because they represent energy losses in the 
windings. 

(a) In the first place the reactance Y^ I of the armature winding 
may be reduced nearly to zero by the use of the neutralizing 
winding. 

(b) In the second place, consider the reactance drop Xf I in 
the field winding. For a given frequency this is proportional 
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to the product of the number of field turns and the maximum 
value of the alternating field-flux, exactly as in the case of the 
primary coil of a transformer. Assuming that we have a motor 
in which a specified maximum flux is to be produced, then to 
make the reactance voltage A/ / a minimum, the machine must 
be designed so that the desired field flux may be produced by the 
least possible number of field turns. That is to say, the reluctance 
of the magnetic circuit must be small; or, in other words, the gap- 
space between the pole faces and the armature core must be 
short, and the iron of the field magnet and armature core must 
be operated at a low degree of magnetic saturation. 

In the third place, the value of may be increased for a 
given value of speed and given value of field flux by increasing 



the number of armature conductors. Therefore the use of a 

large amount of armature copper is an important feature of the 
single-phase series motor. 

In the fourth place, suppose we have a single-phase series 
motor running at given speed with given value (effective) of 
current and given value (effective or maximum) of field flux 
Under these conditions £. is definite in value Effective), the 
mechanical power E^I.is definite, and a reduction of the fre¬ 
quency produces a proportional reduction of the reactance 
voltages Xfl and X^I without affecting the value of that 
IS, a reduction of frequency increases the power-factor of the 
motor. Therefore it is important to use iLfrequency alter- 
nating current for a single-phase series motor. 





1910] 


SINGLE-PHASE SERIES MOTOR 




Consideration op Sparking 

A number of undesirable effects are included in the general 
term of sparking, as follows: 

(a) The effects that are present in a direct-current machine 
and which are due to the necessity of a quick reversal of the 
current in a given armature section as the terminal bars (com¬ 
mutator bars) of the section pass under a brush; and 

(b) The effects that are present in the alternating-current 
machine due to the excessive current which is produced in each 
short-circuited armature section by the pulsations of the field 
flux. 

The first effect is quite familiar to designing engineers and 
need not be discussed here.* 

The effects of excessive short-circuit currents due to pulsa¬ 
tions of field flux are: to heat the armature winding; to heat the 
commutator; to heat the brushes; and to roughen the commu¬ 
tator by spaiking. The remedy for these undesirable effects is of 
course to prevent excessive short-circuit currents and to shorten 
their duration as much as possible. 

The electromotive force induced in a short-circuited armature 
section by the pulsating field flux is proportional to the number 
of turns of wire in the section, proportional to the maximum 
value reached by the pulsating field flux, and proportional to 
the frequency. Therefore the short-circuit current maybe 
reduced by reducing the number of turns of wire per armature 
section the resistance of the short-circuit not being reduced 
in proportion to the turns because of the relatively large re¬ 
sistance at the brush contacts—by reducing the maximum 
value of the pulsating field flux, and by reducing the frequency. 
It is essential, therefore, in the design of the single-phase series 
motor to provide for few turns of wire per armature section 
(many commutator bars); to provide for small field flux per pole 

(many field poles); and to use alternating current of low fre¬ 
quency. 

The duration of short-circuit of an armature section by a 
brush is proportional to the thickness of the brush, and there- 
foie it is desirable to use thin brushes. If the armature winding 
is of the simplex type, the necessary thickness of the brushes is 
determined solely by the necessary a rea of brush-contact to 

* A good discussion of this subject is given in a paper by W L 

Waters, Transactions American Institute of Electrical Engineers, 1904, Vol‘ 
■X.X.xXI, pages 305—378, 
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collect the given current. If the winding is of the multiplex 
type, a brush must never touch fewer than n commutator bars, 
where n is the number of constituent windings in the multiplex 
winding. In the multiplex winding, however, adjacent com¬ 
mutator bars do not form terminals of an armature section, 
and therefore the mere touching of two bars by a brush does not 
short circuit an armature section of a multiplex winding.* 

Special Devices for the Prevention of Sparking 
The foregoing discussion refers to those general features of 
design which tend to reduce short-circuit currents in the arma- 


c 



ture sections of a single-phase series motor. It does not seem 
to be possible, however, to produce a single-phase series motor 
that will operate satisfactorily, without the use of special de¬ 
vices for the prevention of excessive short-circuit currents. 
The simplest device for this purpose is the insertion of a moderate 
amount of resistance in each commutator lead. This device is 
well known and need not be further discussed. A number of 
special inductive devices have also been proposed, and perhaps 

* It would be out of place here to discuss in detail the short-circuits 
which occur in a multiplex winding. 
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the best of these is the balanced choke-coil arrangement of 
S. S. Seyfert. 

The essential features of the Seyfert arrangement may be 
seen in Fig. 2 in which (7 is a section of the armature winding, 
5 5 are two commutator bars and T and T' are two coils on a 
small iron core. The two coils T and T' are so connected that 
their magnetizing actions on the iron core are equal and opposite 
when equal currents flow into (or out of) the armature winding 
through both coils; whereas their magnetizing actions work 
together when current tends to flow out of the armature winding 
through one coil and into the armature winding through the 
other coil. The resultant effect is that current can flow into 
or out of the armature through both coils T and P without 


C D E F 



being choked, whereas opposite currents in the coils T and T 

(due to the short-circuit current in the section) are greatly 
choked. 

Complete arrangement of the balanced choke-coils for a 
simplex armature winding are shown in Figs. 3 and 4. Fig.3 
shows what the authors call the single-span connection which 
requires the use of narrow brushes, and Phg. 4 shows the double¬ 
span connection,* which permits of the use of a broad brush. 

In order to test the efficacy of the balanced choke-coil ar- 
rangement, it was applied to a single-p hase series motor which 

* Several distinct arrangements of the double-span connection are 
possible with a simplex winding, and a greater number of arrangements 
are possible with a multiplex winding. Ssome of these arrangements 
are much better than others. 
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was constructed and tested by Messrs. J. H. Wily and Geo. S. 
Mervine in 1905.f For the armature of this motor an old 
25-b.p., 500-volt, Walker, direct-current, railway motor armature 
was used without any alterations except the addition of the 
system of choke-coils. The armature winding was a fou.'-pole sim¬ 
plex wave, and it had three turns per armature section; that is, 
six turns between adjacent commutator bars. The commutator 
contained 97 segments. The armature core was 12.5 in. in 
diameter and 8.5 in. long. Two identical armatures were 
purchased, one to be used with and the other without balanced 
choke-coils. Fig. 5 shows the rosette of choke-coils nearly 
completed, and Fig. 6 exhibits the dimensions of the iron coi*e 



Structure. Each coil contained eight turns of No. 18 B. & S. copper 

wire. ^ A general view of the completed armature is shown in 

Fig. 7. The field structure of this experimental motor was 

made* in the approved form with compensating windings 
placed in slots in the pole faces. 


The ordinary speed, torque, and power-factor curves were 
determined for this motor as shown in Fig. 8. These tests 
nere made with 30-cycle current from an old style high-fre- 


t See graduating thesis in Department of Electrical Fno-inf-f'i-i’.o.Y- r 
Lehigh University. i^iectrical Engineering of 

* All of the sheet-iron stampings were made by Messrs Wily and 
Mervme. dies being especially constructed for the purpose 
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quency alternator driven nt 

current input was ranged from 275 volts when the 

input was 35.2 amperes 

brJshes^rrq ^ 

31 8 amupres or^ri + ^ben the motor current was 

even wifh amotor^ur e^^qT.^m" 

current of 3o.2 amperes no more sparking was 



m evidence than is usual on a direct-current motor of the same 
size. Indeed the commutator was in perfect condition after a 
long series of test runs. A single and momentary trial of the 
armature without the choke-coils exhihifpr^ a i x- 

degree of sparking, as was to be expected. superlative 

The Inversion op Field and Armature in the Single-Phase 

Series Motor 

In the direct-current motor the field should be much stronger 
magnetically than the armatum and it should, therefom, be the 
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external member to give room for the field windings; in the 
alternating-current commutator motor, however, the armature 
must be the preponderating member and it shou’d, therefore, 
be the external member to give room for the armature windings. 
An internal-rotating-field external-stationary-armature type of 
direct-current dynamo was brought out a number of years ago 
in England, but this type of direct-current machine is now 
entirely discredited both practically and theoretically. The 
internal-field external-armature type of single-phase series 
motor, how^ever, presents very great advantages as follows: 



(a) It presents more available space for the windings. 

{h) It makes possible a material shortening of the end-con¬ 
nections of the compensating windings without lengthening 
the end-connections of the armature windings. 

{c) It makes possible the removal of all non-sparking de¬ 
vices from the motor region proper, relieving the designer of 
every limitation in the use of resistance leads or other non¬ 
sparking devices except the limitation of cost and weight; and 
{d) It makes possible the detaching of the commutator and 
the utili25ating of the large amount of space ordinarily occu¬ 
pied by the commutator for motor iron and motor copper. 
What may at first sight appear to be a disadvantage in the 
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detaching of the commutator is the necessity of driving the brush 
mechanism by gearing, but the transmission of the power re¬ 
quired for this purpose does not present a serious problem; in¬ 
deed, it would seem that the advantage of having the commu¬ 
tator and brushes always in view and always easily accessible 
would counterbalance any mechanical disadvantage involved 
in the detaching of the commutator. 


. Figs. 9 and 10 represent sectional views of two single-phase 
series motors having the same external and internal dimensions. 
Fig. 9 represents the ordinary design with internal armature and 


external field, and Fig. 10 represents the new design with in¬ 
terna] field and external armature. The following table ex- 



Fig. 7 


hibits the details of dimensions, weights, losses, and efficiencies 

of these two machines according to the designs of S. S. vSeyfcrt, 
and according to the independent calculations of Comfort A. 
Adams of Harvard University, and of A. S. McAllister. The 
core loss in the armature is calculated in each case as if it were 
due to the full-load flux density at normal primary frequency. 
Inpact, armature core losses are somewhat larger than this.' 

These calculations are substantially in agreement, and they 
show a remarkable difference in rating of the two types of ma¬ 
chine. The internal-field external-armature type of machine 
has a rating which is approximately 20 per cent in excess of 
the rating of the external-field internal-armature type of ma¬ 
chine. 
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TABLE I 

COMPARISON OP INTERNAL AND EXTERNAL FIELD SINGLE-PHASE MOTORS 

OF SAME SIZE 



Adams 

McAllister 

Seyfert 


New 

type 

Old 

type 

New 

type 

Old 

type 

New 

type 

Old 

type 

Outside diameter, inches. 

30 

30 

30 

30 

30 

30 

Inside diameter, inches. 

10.75 

10.75 

10.75 

10.75 

10.75 


Net length of iron. 

15.3 

15.3 

15.3 

15.3 

15.3 

15.3 

PtilMoad speed, rev, per min. 

550 

583- 

550 

576 

550 

576 

Horse power at above speed. 

156.7 

130.7 

157.1 

129.1 

160.5 

131.5 

Efficiency at fxill load, per cent.... 

88.4 

89.5 

89.9 

89.5 

91.1 

89.8 

Power-factor at full load, per cent-. 

81.3 

77.2 

78.2. 

77.8 

76.9 

73. 

Pull-load current. 

432 

432 

432 

432 

432 

432 

Terminal electromotive force. 

372 

327 

387 

318.5 

386 

330 

Electromotive force between ad¬ 
jacent segments of commutator 





10 

10 

at brush. 

10 

10 

10 

10 

Weight of copper, total. 

894 

824 

888 

850 

881 

846 

Weight of copper per h.p. 

5.7 

6.3 

5.65 

6.59 

5.5 

6.45 

Weight of iron, total. 

1767 

1781 

1737 

1659 

1757 

1742 

Weight of iron per h.p. 

11.3 

13.6 

11.1 

12.8 

10.9 

13.2 

Total weight of active material.. ., 

2661 

2605 

2826 

2510 

2639 

2589 

Total weight of active material per 





16.5 

19.7 

h.p. 

17 

20 

16.7 

19.4 


Removal of Non-Sparking Devices from the Motor Region 

Proper 

After having been led to the external-armature internal-field 
type of construction for the single-phase series motor, the 
authors realized the very great advantage to be obtained by 
removing the resistance leads, or other non-sparking devices, 
from the motor region proper. These advantages are: 

1. That resistance leads and balanced choke-coils, for example, 
can be used regardless of the amount of space they occupy so 
that the advantages to be gained by the use of such devices may 
be pushed to the limit, thus enabling the designer to produce 
a machine which commutates satisfactorily with a higher 
short-circuit voltage than would otherwise be possible. 

2. The power losses in the non-sparking devices take place 
outside of the motor region proper and do not therefore have 
to be taken care of by ventilation. 
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3 Repairs to resistance leads, or other devices for preventing 
sparking, may be made with the greatest of ease and with¬ 
out opening up the motor in any way; and 

4 Arrangements can be provided for the short-circuiting of 
any portion of the resistance leads or the disconnecting of the 
choke-coils at any prescribed motor speed, thus enabling the 
designer to treat the problem of starting and the problem of 
steady running independently of each other. 

Removal of Commutator from Motor Region Proper 

Another great advantage secured by the adoption of the ex¬ 
ternal-armature internal-field type of construction is the possi- 



Fig. 8 


Mity of removing the commutator from the motor region nrooer 
and the consequent possibility of utilieing the motor rerion 

represents a possible increase of about 60 per cent in the motor 

Jr r ■“ •''» ““Pi'd by ‘bo motors 

i thfrrtir ’ Hartford locomotives, and it 

outside Of ae n^ot^^^^^^^^^^ 

of ventilation ^ Proper, tnus simplifying the problem 
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A500-H.P. Direct-Connected, 25 -Cycle, Single-phase Series 

Motor Between 62 -Inch Drivers 

The authors have worked out in succession the more important 
details of design of five single-phase series motors in their 



application to the principles set forth in this paper The last 

between 62 -in Sitrs on a !t ^ f ^ ^ 

rs on a standard gauge locomotive. This 
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motor is referred to as motor No. 5. Fig. 11 is an outline 
sketch of this motor; F F is the internal rotating field and R R 
the collector rings for leading current into and out of the field 
and compensating windings; ZZ are the end-connections of 



Internal Field Afotor (/!/eiv) 

Sinfe air ^ap = /fm. tA/indina simplex 

“/o polar embrace lap, 3 coils of s turns 

A/o. arm. slots 8o eacA per slot. 

J^lcld slots 8por pole. commutatoT 

arm. slots ^ Segments 

IPield slots fSey/erFs design} 

Fig. 10 

the compensating windings, A A is the external stationary- 
armature, C C the detached commutator, 5 S the rotating-brush 
arms which carry the brushes B B, and i?' the collector rings for 
supplying current to the rotating brushes. The axis of the com- 
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mutator is vertical, and the commutator is represented as being 
a hollow cylinder with the commutating surface on its interior. 
The brush shaft is supposed to be supported by arms wdiich 
project forwards and backwards in the Fig. to the front and back 
parts of the motor casing; these supports are not shown in Fig. 11. 
The stamping dimensions of armature and field are shown in 
Fig. 12. Immediately above the commutator and surrounding 
the commutator lugs L L o. set of terminal bars are to be pro- 



Fig. 11 


between these terminal bai^and connected 

in a„„le.t ^e 

Pro-vision is made for removing the intemnl -e 
by sliding it out endrvise. The details S rh ^ 
shown with sufficient clearness bv th hi are 

of the motor casing, afraeTaL p h i “ 

the left-hand driver in Fig 11 h.i.. „ ’’I? ^ “XM these holes; 

i'lg. 11, being provided with a detachable 
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Fig. 12 
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rim so that what remains of the driver when the rim is detached 
can pass through the armature of the motor. 

It was decided to adopt a 10-pole field instead of a 12-pole 
field as in the present New Haven motors. This decision was 
reached on the basis of a conviction that satisfactory commuta¬ 
tion can be accomplished with 12 volts between commutator 
bars at the brushes by the free use of non-sparking devices 
which is permitted by the internal-field external-armature type 
of construction. 

The more important items of design of motor No. 5 are here 
collected to give a better idea of the machine. 


TABLE II 


Gross motor length, 39^^ in. 

het length of iron, 21.46 in., which leaves 12 in. for end-connections and 
for 9 ventilating ducts each |-in. wide. 

Outside diameter of motor, 50 in. 

Terminal voltage of motor at full load and 45 miles per hour, 216.7 volts. 
Full-load current, 2400 amperes. 

Counter electromotive force at full load and 45 miles per hour, 154.8 volts. 
Mechanical power developed in armature at full load, 380 kw or 509 h d 
P ower-factor at full load, 76.8 for air-gaps of i-i„. total. ' 

Power-factor at full load, 83.1 for air-gaps of A in total 
Armature copper loss, 6010 watts. ^ ^ ^ 

Field copper loss, 1655 watts. 

Compensating copper loss, 5140 watts. 

Field core loss, 5940 watts. 


Armature core lo.ss, 7746 watts (calculated for full frequency and full¬ 
load density). 

Total-stator loss, 13,756 watts. 

Total rotor loss, 12,735 watts. 

Total power dissipated in motor space, 26,491 watts. 

Electrical efficiency, neglecting commutator losses, 0.937 
\ oltage between commutator bars near brushes, 12 volts effective 

corresponding to effective value of full-load cur- 

rrir'lvetTl' force per armature section 

during reversal of current at commutation). 

Armature winding duplex lap with 1008 inductors. 
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Discussion on ‘ On the Space Economy of the Single¬ 
phase Series Motor.” New York, January 14, 1910 

S. M, Kintner: The topic of space economy of single-phase 
motors is a most timely one and merits a very complete discus¬ 
sion In the paper presented this subject is dealt with in a very 
heroic manner, and the methods proposed for increased output 
are certainly radical in the extreme. 

In the discussion of a paper presented by the theorist, with 
admittedly no practical experience, there is always the danger 
of too much stress being laid upon the fact that these are the 
ideal conditions, and that matters of detail in carrying out such 
a proposal are entirely subordinate and not worthy of serious 
discussion at such a time. In this paper, however, there are a 
number of details which deserve special attention, as it is largely 
upon these details that the success of the plan for increased out¬ 
put depends. A comparison of the output of the proposed 500- 
h. p. motor, that the authors submit as one that could be operated 
within the space limits of the present New York, New Haven 
and Hartford Ry. Go’s, locomotive motors with one of those 
motors, shows that there is no gain in output per unit weight 
of active material, that is copper and laminated iron. The 
attempt to gain, has been made by dividing the motor up 
into two parts, one of which is made up of the magnetic cir¬ 
cuit and inductors which occupies all of the available space at 
present used by the entire motor on the New Haven locomotives, 
and the other part, made up of the commutating device with its 
necessary choke coils for keeping down the short circuit cur¬ 
rents, which the authors propose to place in some convenient 
location outside the motor frame, and which has its own ad¬ 
ditional space requirement. 

With the proposition then that an increased output can be 
effected in direct proportion to the increase in active materials, 
such as copper and laminated iron, that can be placed in the 
available space, the discussion hinges on: 

1. The feasibility of the external commutator with revolv¬ 
ing brush holders, and, 

^ 2. ^ The value of balanced choke coils for limiting the short 
circuit currents. 

^ In passing, it may be well to note that, estimating the dimen¬ 
sions of the copper conductors from published PR losses, the in¬ 
sulation allowances in the proposed 500-h. p. motor are much 
too small, there being but one-half that allowed in the armature 
slots of standard machines, which allowance the experience of 
years has indicated as the minimum that is safe. Further, it 
should be noted that the method of getting the windings in 
place with the proposed slot, copper and insulation dimensions, 
is by no means evident. Again, the number of commutator 
bars selected is such as to cause some difficulty in connecting the 
equalizers. 
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There is also some question as to how successful the commu¬ 
tation would be. 

My understanding of Prof. Franklin’s duplex winding is, two 
independent parallel windings, in which there are 12 volts be¬ 
tween alternating commutator bars, with one bar of the other 
winding intervening—am I correct in that? 

W. S. Franklin: Yes, 12 volts with one turn of wire around the 
field flux. 

S. M. Kintner: In my statement here, I have assumed that it 
was alternating commutator bars that were subjected to these 
12 volts difference, and I am not clear just as to the type of 
windings proposed, if that is not the case. However, the same 
condition of total weights of metal, copper, iron, etc., holds as 
regards output, flux densities, etc. 

I do not believe an external commutator with revolving 
brush-holders can be built for this class of service which will 
be a commercial success. The difficulties involved are: 

1. The construction of the commutator with its 504 
flexible connections from the motor windings, through the choke 
coils mounted on the locomotive cab, as proposed by the authors, 
dowm to the commutator bars. ’ 


2. The mechanical arrangement necessary for driving the 
brush-holders synchronously. This forms a problem in con¬ 
struction that has no feasible solution. 

It seems to be well nigh impossible to devise a satisfactory 
arrangement of this kind when viewed from the standpoint of 
reliability, accessibility for inspection and repairs, freedom from 
mechanical injury during overhauling other parts of the loco- 
motive, first cost, etc. Again the increased complication, cost 
and maintainance expense of the two sets of collector systems 
for supplying current to the brush-holders and to the rotating 
held, is another serious feature of this type of motor. While 
the authors statement that but little power would be required 
to drive the rotating brush-holders is probably true, it does not 
necessarily follow that no serious difficulty is involved in the 
construction of such a drive. On the other hand, I believe it 

rwlwJit to construct a drive which would be 

positive and not liable to any interruption, and 

To^^ct bAh accurately for long periods of time the 

y brush-setting on the commutator. It is a well-known 
fact that single-phase commutator motors are very sensitives 
regards brush-setting and great care is taken to inLrra correS 

l/ 16 iYasmisurpTo 

1/ ID m. as measured on the commutator face 

bem5ntrL'd^lh¥w*^^* anything near this accuracy could 

eS JfTost TrFTi . I^^rtunately, a limited 

r“L bShp^ wv beneficial, as it would tend to 

1 °™abes backward for more favorable cnmm 1 l^■Q^;/^r, 
AU the brush-holderc! if . commutation. 

be careful 1 Y would need to 

careiullj balanced and the carbon, springs would require 
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some form of compensator on account of centrifugal forces 
which would otherwise cause unequal brush pressures. Many 
other difficulties^ suggest themselves, but the foregoing are 
sufficient to indicate the character of trouble that would be 
encountered. 

On considering the question of balanced choke-coils for 
limiting the magnitude of the short-circuit currents, one is 
surprised to find how large these coils become. It is worthy 
of note in connection with the 500-h. p. motor proposed by the 
authors, that the voltage between consecutive commutator 
bars is not as great as that on the New Haven motors. The 
magnetic density in the various parts of the proposed motor 
is also somewhat less than in the New Haven motor. 

From this-it may reasonably be argued that the size of the 
choke-coils and the motor power-factor proved to be the limiting 

conditions which prevented an increase in output per unit mass 
of material. 


There are two other points that should be considered in con¬ 
nection with the choke-coils, as determining factors of their 
value: 

1. Their ability to withstand without injury heavy momen- 
tary overloads, such as they might be subjected to in the event 

ot the rnotor not turning over at once when current is applied 
at starting, and ‘ ^ 

4 . of their construction combined with an 

adaptability for ready assembling in a suitable manner and at 
a reasonable cost. 

the first point,^ an examination of the choke- 
coil tor the small machine shown in the paper, indicates that there 
IS approximately as much resistance in the copper of the choke- 

and resistance lead, 

and that this a.lone would have been sufficient to limit the short- 

circuit current without the inductive effect. This then indi- 

“Sier to?™ “ “”■' overtoSd 'cap."i;; 

the chowSlcP+n T^i proportions as would allow 

the choke-coils to be mounted inside the armature In thN 

there has been increased complications, aqi^ or grcatel l“s, 
“mMred^^ ? '"**!"*“"<* overloads, and when 

t“7eT£ desiraue”h'an““e 

The authors state “It does not seem possible, however to 

Stont theTsI o|ts‘S.“ *‘’f T” S!“itf»oto'rily 

s“Sdro!S Prevention of eacessivt 

I Wish to take exception to this statement, as it is nerfectlv 

pro^defth^L'SSffin special devices of this nature! 

provided the induction per pole is kept low enough. There art* 

of this kind in operation giving 

?2ffictnTto^!mh th ^ resistance of the carbon brush 

utticient to limit the current to a safe value provided the short- 
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circuit voltage does not exceed to 4 volts. The employment 

of preventive leads, however, allows the use of higher inductions 

per pole, and in general results in a somewhat smaller motor 
for the same rating. 

Considering the second point, that of cost and adaptability 
or assembling, I have found on calculating suitable coils for 
the proposed 500-h. p. motor mentioned in the paper, that the 
sizes are rather startling, and one is inclined to the belief that 
the authors were so glad to find a place large enough to accommo¬ 
date the choke-coils that the mechanical difficulties involved in 
the use of the external commutator looked small. 

Space economy. The space available for the motor of a loco- 
motive depends so^ much on the type of motor-mounting and 
drive, that comparisons on the basis of output of the motor de¬ 
signs of different types are misleading. It is of course allowable 
and proper, to compare locomotive performances provided they 
have been designed for the same class of service. 

^ For motors mounted concentric with the locomotive axle 
similar to the New Haven motors, the desired freedom and stand- 
ard wheel-fiange-spacing fix the maximum length of motor, 
while the motor diameter allowable, depends upon the wheel 
size and the permissible clearance below the motor. 

f a particular locomotive speed condition is assumed, the 
X ^ ear^ces will be practically the same, and the size of motor 

^ space will increase with the increase in 
the dnver size. For a particular case of this type of mounting, 
in which the same locomotive speeds are assumed for various 
sizes of drivers, the increase in horse power output, which can 

+ space, will be approximately along a 

straight line, which indicates a 250-h. p. motor on 62-in. drivers 
and a 500-h. p. motor on 94-in. drivers. 

,, ill motor weights will be somewhat more rapid 

than their mcrease m diameters, owing to the fact that the active 

^ ma^etic parts will increase almost directly with 

the diameters, while the weight of most of the mechanical parts 
will increase more nearly as the square of the motor diameter. 

Motors mounted honzontally, with one side supported rigidly 
on e axle, similar to the ordinary method of mounting motors 
on car trucks, gradually lose end-room as their sizes increase, 
on account of mechanical requirements of increasing space 
or larger gears, and their outputs do not work out on so simple 
a curve as the motors mounted concentric with the axles.. This 
oss m end-room results in a double loss as it makes it necessary, 
for a ^ven ratmg, to use a larger motor diameter. This increase 
in motor diameter requires a reduction in motor revolutions 
on account of mechanical limitations, which in itself ma ke s a 
arger ^ameter necessary. This increase in armature diameter 
forces the gear centers further apart and increases the size of 
pars. A final balance is reached, above which, it is not feasible 
to mount motors m this manner on account of the gear sizes 
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and dead motor weight on the axle. This dead weight can be 
relieved by the use of quills which afford a spring support for 
the motor, and this makes it possible to increase the size of 
motor. The use of a quill, however, increases the gear centers, 
and this causes the limit due to the size of gear, to be reached 
sooner. Here it should be noted that the required range of 
locomotive speed plays an important part. The motor, for 
mechanical and insulation reasons, is designed for a certain 
limiting speed above which it must not be operated. If the con¬ 
tinuous rating speed is chosen near or at the maximum speed, 
the smallest motor possible for the locomotive rating is obtained. 
As the continuous rating speed is decreased, the motor size 
increases. It follows, therefore, that from the standpoint of the 
motor design alone, the less the requirements of range in locomo¬ 
tive speed between continuous and maximum, the cheaper the 
motor will be. It is largely on this account, coupled with the 
mechanical requirements of locomotive riding qualities at high 
speeds, that locomotive costs are increased so much, for conditions 
where it is expected to operate in both freight and passenger 
service at quite different speeds. In general for this type of 
mounting, there is little or no gain in motor size by reducing the 
continuous rating locomotive speed below about 12 miles per 
hour. 

Motors mounted directly above the axles and geared thereto 
through quills, are but one division of this general class of direct- 
gear drive and are subject to the same limiting conditions. 
The quill is, however, necessary in all cases with this type of 
mounting in order to relieve the axles, wheels and track, of the 
otherwise excessive dead weight. 

When use is made of the combination drive employing gears 
and side rods, there is a distinct gain in the end-room space 
available for the motor, as in this type of drive, the entire 
space between the locomotive side-frames, which are generally 
plate-frames inside the wheel-flanges, can be utilized for the motor. 
The gears can be placed outside the wheels and there is not very 
much difficulty in making them any desired size. The driver 
sizes, wheel-base limits, and crank-throw are, in most cases, the 
determining factors. This increase in end-room makes a smaller 
diameter and higher speed motor possible, and hence a cheaper 
motor. This type of mounting gives almost as much end-room 
as that employing the straight side-rod drive. The latter 
has a slight advantage as it is possible with it to extend the motor 
up to the wheel-flanges and in fact to cut away part of the motor 
housing for a still further slight gain. 

With both of these types of drive the diameter of the motor 
is limited by cab clearances. These last mentioned types of 
mounting, allow space that makes possible the largest sizes of 
motors desirable. 

The combination drive is much more flexible and gives a 
better selection of motor speeds and driver sizes, as the gears 
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can be selected to get the desired locomotive speed. It is im¬ 
possible with these last mentioned types of drive, to state the sizes 
of motor in terms of the ordinary methods of rating, without a 
definite limiting speed range, and so I will not attempt to state 
more than the preceding indications of the general limits. 

E. H. Anderson: The paper brings out very clearly the diffi¬ 
culties of designing a single-phase commutator motor. The 
scheme of placing reactances in wSuch connection as to theoretic¬ 
ally reduce sparking is ingenious, to say the least. The criticism 
of the scheme is, that it does not make for simplicity. The 
simplest form of apparatus is more often the most enduring. 

It appears from the text that the leads of the stationary wind¬ 
ing are connected into the stationary commutator, although 
space and detail of construction are not shown. In order to 
take the motor apart for repairs, it is necessary to pull off a driv¬ 
ing-wheel, or separate the stationary member, and in this case 
it becomes necessary to disconnect the winding and all the com¬ 
mutator leads coming from the lower half. The driving mechan¬ 
ism for the revolving brush-holders must be positive and rigid. 
No slack or looseness can be allowed, for the exact position of 
the brushes on a single-phase commutator motor is very essential 
for proper operation and speed. Such a motor as described, 
usually has about an 8-in. commutator and 18 in. of core iron be¬ 
tween heads. 

The power of a motor is dependent largely upon the length 
of core, and if all of the commutator length could be put into 
core, that is, by adcling 8 in. to 18 in., it becomes possible to in¬ 
crease the power about 45 per cent. However, all the commutator 
length cannot be added to the core, for the reason that there must 
be a circular conduit at each end to allow the leads of the lower 
portion of the stationary member to be brought up to the station¬ 
ary commutator. This will require approximately 3 in. on 
each end thus leaving 2 in. to be added to the core-length, giving 
20 in. instead of 18 in., or an increase of 11 per cent. After the 
leads leave the conduit they mtLSt be spread around the com¬ 
mutator and held firmly, as well as properly ventilated. Us¬ 
ually from a given space, a certain amount of heat can be blown 
out, so that with a given efficiency only a given amount of work 
can be done in that space. The driving device for the revolving 
brush-holder rigging must take up some space on the axle. This 
will no doubt use up the spare 2 in. with the result that the iron 
core between heads is not increased. 

The question naturally arises, is the taking away the com¬ 
mutator from the rotary member, and placing the same on the 
stator worth the complication ? It appears from the paper that 
this scheme is best suited for single-phase axle motors for loco¬ 
motives, and is limited to the construction shown, of mounting 
the stationary member on a quill and using quill-drive. It 
appears that there is difficulty in building within the limited 
space between wheels, a motor large enough to slip the wheels 
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and do the work usually required on the usual axle weight of 
50,000 lb. The above refers to a single-phase commutator 
motor and this scheme with its complication is an effort to in¬ 
crease the size of motor. 

The serious question about the construction, to my mind, is 
that it is not the simplest. A prominent railway company built 
and installed a motor on a single-truck car, which should act as 
a counterweight to the real motor. The motor was a chunk of 
cast-iron, with armature bearings on it, mounted outward on 
a single-truck car, and over-balanced the effect of the real motor, 
which was outwardly-hung on a single-truck car. This was put on 
as it was thought the real motor might tip up end wise and block 
the system. These motors were used for a long time, and gave 
no trouble, probably on account of their simplicity. 

E. F. W. Alexanderson: The title of the paper opens a broad 
subject. There may be as many wa 3 ^s to look at it, as there are 
designers who have worked on the development of single-phase 
railway motors. I prefer to look at the subject in a somewhat 
different light rather than discuss the schemes presented in the 
paper. 

In the design of any electrical apparatus, there is usually one 
requirement that is more severe than any of the rest, or one weak¬ 
ness in the type of apparatus considered to which most of the 
attention must be given, so that all the other features must be 
subordinate to that particular consideration. Most electrical 
.machines are sold on the basis of a standardized commercial 
rating, and this rating is in most cases based upon the tempera¬ 
ture rise during a certain test. Other features, like regulation, 
power-factor, efficiency, and overload capacity, are given as 
supplementary descriptions of the apparatus. The commercial 
rating of I'ailway motors is based upon heating, usually upon the 
one-hour test at 75 degrees rise, and the adaptability of a railway 
motor to any specific requirement is usually judged by the heat¬ 
ing of the motor. This generally accepted method for determin¬ 
ing the service capacit}/” of railway motors has been developed 
with reference to the motor of the wholly enclosed type. 

The three principal limitations in the design of an alternating- 
current railway motor are heating, commutation, aad starting 
torque; of these three, the starting torque is, however, the most 
important. 

The first attempts to design the alternating-current railway 
motors were naturally along the same lines as those of the direct- 
current motors. The motors were completely enclosed, and the 
service capacity was determined from the heating characteristics. 

* It was soon found, however, that owing to the lower efficiency of 
the single-phase motor, the temperature has a tendency to become 
considerably higher than in the direct-current motor. An in¬ 
crease in the size of the motor, in order to reduce the temperature, 
led to an increase in the weight of the trucks, car-body, and the 
control, so that the motors had to do more work than was con- 
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templated in the first place, and the desired reduction in heating 
was not obtained. At present it is accepted as a necessity by 
all manufacturers of alternating-current railway apparatus, 
that the motors must be cooled, either by natural or forced 
ventilation. As soon as forced ventilation is adopted in an alter- 
natinsf-current motor, the whole basis of the design is changed. 
The cooling that can be accomplished in this way is so effective, 
that heating is no longer the limiting feature of the design. Com¬ 
mutation difficulties can be entirely overcome^ at any normal 
operating speed, by application of a commutating field of suit¬ 
able phase and strength. They can also be counteracted, to 
a great extent by the use of so-called resistance or preventive 
leads. The ruling feature is therefore the starting torque. 
This applies to the three-phase railway motor, as well as to the 
single-phase railway motor, although for entirely different reasons. 

In the discussion of Dr. Hutchinson’s paper on the Great 
Northern electrification, I explained that the reason why the 
three-phase motors exceeded their guaranteed capacity on the 
basis of temperature rise, with forced ventilation was not an 
accident. The starting torque was the most severe_requirement, 
and as a matter of fact, the motors are able to slip the wheels 
of the locomotive, only with a necessarily small margin. 

In the single-phase railway motor, the starting torque is 
limited by local heating on the brushes, commutator bars, and 
certain parts of the winding. Various methods have been de¬ 
vised to increase the starting torque of the single-phase commu¬ 
tator motors as much as possible. Although there may be a disa¬ 
greement as to what methods are the most practical it seems 
to be a general agreement that some special methods must be 

used. 

The starting torque of the single-phase commutator motor 
is limited by the voltage per bar on the commutator, and the 
current per bar in the winding. Generally speaking, it can 
therefore be said that the starting torque is proportional to 
the size of the commutator. The special methods that are used 
to increase the starting torque consist in providing means for 
either raising the voltage per bar or by means for raising the 
current per bar. In other words, both systems require space in 
the motor which could otherwise be usefully employed if the 
motor was intended for direct current. 

The scheme presented by the authors of the paper is the 
first of the two mentioned principles for increasing the starting 
torque, carried to the extreme. The system is, according to the 
authors, very effective, but there is also every indication tha,t 
it takes room in proportion to its effectiveness, and there is 
no convincing evidence in the paper that the space occupied by 
the motor with its elaborate non-sparking devices, will not be 
quite as large as the space of a motor of more familiar design. 

This refers to the motor of the Seyfert type with rotating 
commutator shown in the illustration. The scheme of the 
detached commutator, apart from its complication, does not solve 
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the problem of space factor as it is worked out in the design 
shown in the paper, because no provisions have been made for 
materially increasing the diameter of the commutator, which 
after all is a measurement of the starting torque. A natural 
solution is however given by the use of side rods which allows 
the commutator as well as the rest of the motor to assume its 
necessary dimensions as well as its natural proportions. 

It is interesting to observe that the results obtained by the 
four or five manufacturers of single-phase railway motors in 
America and in Europe, agree closely in regard to weight and 
space per horse power. In order to give some more concrete 
figures, as to the space and weight factor of moderate size single¬ 
phase motors, the following data may be mentioned. A 25- 
cycle motor of the series repulsion type designed for 36-in. 
wheels, has a weight of 5900 lb., and delivers 150 h. p. at 600 
rev. per min. in accordance with standard rating. This is, as 
far as I can see, in close agreement with recent developments of 
motors of several other types and makes. 

The various schemes employed for overcoming commutation 
difficulties cannot, therefore, be judged by the space factor or 
the weight per horse power. The nearest to a practical com¬ 
parison is undoubtedly a test that has been embodied in the 
specifications for locomotives in connection with the contemplated 
electrification of two of the large western railroads, that the 
motor should be able to develop full torque at stand still for a 
specified time, one minute or five minutes. If the motors are 
compared on. a basis like this, the type will undoubtedly be most 
favored, which offers the greatest simplicity of structure, and the 
easiest work for the repair man. 

S. S. Seyfert: The discussion that has taken place, fol¬ 
lowing this paper, has amply repaid us for going to the trouble 
of presenting a few ideas in the line of motor design. Perhaps 
the best reason for bringing up a subject like this is to find out 
what the chief workers are doing. 

I would like to mention a few points, however, because it 
seemed to me during the discussion, that the non-sparking de¬ 
vices that are proposed were assumed to be a necessary part 
of the inversion of the relative positions of field and armature. 
It is not necessary to use these choke-coils in the case of a motor 
with external armature, and as a matter of fact I have often 
thought that it might be desirable to use resistance leads, only 
under certain circumstances, especially if the short-circuit 
volts are reasonably small. We have found it is extremely 
difficult to design a motor of so large size, with a reasonable 
short-circuit voltage per turn, for with a reasonable number 
of poles, say 12, the flux per pole on a 500-h.p. motor becomes 
so large as to produce 12 volts or more per turn on the armature 
circuit, and if we wish to reduce this voltage we would either 
have to tap into the half-turns or increase the number of poles. 

In order to build a large single-phase motor, it is absolutely 
necessary to use'a large number of poles, or use a high short- 



50 


SINGLE-PHASE SERIES MOTOR 


[Jan. 14 


circuit voltage per turn. I think however, that motors could be 
built on the resistance-lead principle, that would commutate 
well enough, and in that case the stationary character of the 
armature, with the available space for placing the leads, would 
enable us to design the leads somewhat more generously, and 
therefore their liability to burn out at starting would be less, 
which would mean a lessening in the cost of repairs and an in¬ 
crease in the reliability of service. I think it is plain, that with 
the ordinary construction of armature, in which the resistance 
leads are doubled upon themselves in the bottoms of the armature 
slots, they consume a large amount of valuable space, real 
motor space, and they add their heating to the total heating 
of the armature. In case of burn-outs, which are liable to occur 
at starting, the armature windings have to be undone to repair 
the leads. In this case, I can easily imagine an arrangement of 
the leads so that they might be replaced at short notice separately 
and in fact a lead might be replaced while the motor was running, 
if the winding of the armature was of the proper type. On the 
basis of resistance leads alone, dropping entirely the question of 
choke-coils, it would seem an advantage to have the leads so 
located, that they can be easily and separately repaired. • This 
would compensate for a great deal of the otherwise complicated 
arrangement. 

I would say another word about the length of commutator. 
One of the members who discussed the paper mentioned that the 
length of the commutator on the present New Haven motor was 
about seven or eight inches, and in case of the removal of this 
commutator we would gain that space. I find, if we attempt 
to build a 500-h. p. motor, that the commutator would be about 
a foot long. In this case, assuming the commutator on the motor 
concentric with the axle, we would gain a foot of space by re¬ 
moving the commutator. Should we decide to make the com¬ 
mutator concentric with the armature—this one foot of space 
needed would force us to a greater driving-wheel diameter. It 
should be plain, therefore, that the increase in gross length of 
useful iron made possible by the removal of the commutator 
would be 12 inches instead of the seven or eight inches, as would 
be the case in changing a 250-h. p. motor. We were driven to 
that construction to get the necessary rating on a direct-connected 
motor for 62-in. drivers. 

As to design, the inverted motor has among others, the follow¬ 
ing advantages: 

1. The long external yoke or armature core has to carry the 
effective armature flux only, whereas, in the old type of motor, 
the "corresponding core has to carry the total field flux. 

2. The placing of the armature externally allows the use of a 
wider and shallower armature slot, resulting in a better commu¬ 
tation constant and a slightly better power-factor. The compen¬ 
sating slots through the poles must be deeper in this case, which 
condition may be easily met. Because of the comparatively 
low voltages at which single-phase motors must operate, it has 
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been found somewhat difficult to satisfy the direct-current com¬ 
mutating condition on a motor of large size with such a small 
number of poles. 

3. The air-gap periphery is somewhat increased in the case 
of the external armature motor mainly because the armature 
requires less radical depth than the field. 

4. The end-windings of the compensating-coils are very 
much shorter, as was mentioned in the paper. 

We made some experiments on core losses in field and armature, 
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which might be interesting at this juncture. For some time 
Dr. Franklin and myself were under the impression that the core 
losses per unit of volume in the armature of the alternating- 
current motor should diminish as synchronous speed is reached. 
Upon going into the theory of the matter this seems to be so, 
but for some reason, the core losses actually increase somewhat 
with speed. The experiment was performed on a single-phase 
motor of the ordinary type, and the results are shown in Fig. 13. 

In the first place, a constant direct current of 30 amperes was 
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supplied to the field. The armature was rotated at a series of 
speeds up to and beyond synchronous speed. 

Cui've .4 gives the total input to the rotating armature from 
the driving motor; curve C gives friction loss in the motor 
tested so that ni o represents the core loss in the armature. 

In the second place a constant alternating current of 30 
amperes effective value was supplied to the field. Curve B 
gives the corresponding core loss as measured by the driving 
motor. Curve D shows the watts input to the field-coil through¬ 
out the test. These curves show that the armature core losses 
in the aternating-current motor are not as great as they would 
be for the same effective values of induction on direct current. 
It is shown, however, that the core loss, in both cases, increases 
with speed, growing very rapidly above synchronous speed. 
This may be due to the fact that the losses caused by the bunch¬ 
ing of flux by the teeth are such a large percentage of the arma¬ 
ture core loss. 

In the paper it is stated that we selected the lO-pole type of 
motor; we found later that 12 poles would have been better 
for it is well known that the larger the number of poles on the 
motor, the less its weight per horse power, because the individual 
magnetic circuits are less bulky, and the cross-sections of the 
core, both field and armature, are less. By going to 12 poles we 
could make a better machine, one that would commutate better 
and have a smaller short-circuit voltage. 

President Stillwell: I am sure the Institute owes its thanks 
to Dr. Franklin and Professor Seyfert for the very interesting 
and suggestive paper which they have presented. It is always 
an advantage to look at a subject from another point of view, 
and I am sure that the engineers who are accustomed to the 
designing of motors of these types for commercial service will 
be glad to agree with me, and in a judicial spirit examine their 
own work very carefully to see if there be anything in this 
suggestion which might be utilized. I do not propose to enter 
into the discussion, but one or two points have occurred to me 
which might be mentioned to advantage, and one is that the 
argument in favor of the increase in output in proportion to 
dimensions are greatest in the case of multiple unit equipment, 
and in which case I think the paper makes no suggestion as to 
the location of the commutator and its leads. 

In the case of the electric locomotive, taking the state of the 
art as it existed when the New Haven locomotives were designed, 
the designers were undoubtedly cramped for room in attempt¬ 
ing to place the motors underneath the floor of the locomotive, 
but the tendency is now, I understand, rather towards raising 
the motors and gearing to a shaft, in which case the argument in 
favor of separate commutator and its leads from the field arma¬ 
ture is somewhat minimized. I will now call upon Dr. Franklin 
to close the discussion. 

W. S. Franklin: In regard to the location of the detached 
commutator in the multiple-unit car I may say that Professor 
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Seyfert and I have considered that matter in some detail 
after a consultation with Messrs Gibbs and Hill, and we came 
to the conclusion that a very great advantage would be realized 
by placing the motor on one side of the axle, and the commu¬ 
tator on the other side of the same axle, taking the commutator 
leads across through a covered passageway over or under the 
axle. 

In regard to the general question of detaching a conimU” 
tator, I wish you to consider what a commutator really is. A 
commutator is a switchboard, and it is proper to detach a switch¬ 
board from the machine which it controls. I never saw a power 
house with a switchboard placed inside of the dynamo! I only 
make use of this evidently exaggerated statement in order to 
emphasize the fact that we have perhaps become too much ac¬ 
customed to a certain point of view. Perhaps, after all, the 
detached commutator is the rational and practical thing, and 
yet I have enough respect for practical engineering to know 
that the question must ultimately be answered in practice. I 
do not know for certain whether the detached commutator is 
the best thing, and neither does anybody else know. It is a 
question which can be decided onl}^ by an actual and long- 
continued trial under practical conditions. 

In regard to the importance of simplicity which has been 
emphasized by Mr. Anderson, I wish to point out that the motor 
which Professor Seyfert and I have designed is about the nearest 
approximation that I know of to a “ piece of cast-iron.” 

In answer to Professor Kintner’s question concerning the 
short-circuit voltage I would say that the short-circuit voltage 
of our No. 5 (500-h.p.) motor is 12 volts per turn, that is, 12 
volts in a vsingle turn around the field-pole. 

The question was raised as to the necessary size or carrying 
capacity of the individual choke-coils. Concerning this point, 
it is stated in the paper that a short-circuiting arrangement can 
be provided so that choke-coils or resistance leads can be cut out 
or in at pleasure. The frequency of commutation is low at 
starting, and under these conditions one needs high resistance in 
the leads, whereas the inductive choking is rather small. At 
high speed, on the other hand, the choke-coils are extremely 
effective without any resistance. Therefore at starting, very 
high resistances might be inserted in the leads and these resistances 
might be cut out with increase of speed after starting. , 

I wish particularly to emphasize a point which is brought out 
in the paper, namely, that one of the most important features in 
the suggested design is, that you can treat the problem of start¬ 
ing and the problem of running as two distinct and separate 
problems; you can put large resistance in your leads at starting, 
and when the machine reaches a certain definite speed you can 
cut out as much resistance as you please by a ring which is made 
to drop between terminal bars in a manner which will at once 
occur to any designer. 
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A MODERN AUTOMATIC TELEPHONE APPARATUS 


BY W. LEE CAMPBELL 


The writer presented a paper before the annual convention of 
the Institute in 1908, dealing with automatic telephone equip¬ 
ment from an economic viewpoint.* The present paper will 
therefore be principally devoted to a description of the apparatus 
used and its method of operation in modern plants. Although 
there are several different types of automatic telephone equip¬ 
ment upon the market or being developed, practically all of the 
working plants use apparatus of the “ Strowger ” type with or 
without the addition of Keith line switches. Since this paper 
must be confined to one system, only the one which is extensively 
used will be discussed. The description will begin with a short 
reference to the subscriber’s station equipment. 

Prior to the year 1896, an automatic telephone subscriber 
called any number which he might desire by pressing push¬ 
buttons on his telephone. There were generally three push¬ 
buttons arranged and labeled as shown in Fig. 1. If the sub¬ 
scriber wished to call No. 143, for example, he would first push 
the hundreds ” button once, then the “ tens ” button four 
times, and finally the “ units ” button three times. While this 
arrangement gave passable service, the subscribers made many 
mistakes in counting the pushes ajid sometimes did not press a 
button in far enough or hold it in long enough. Consequently, 
in 1896, a button-pushing machine or a “ calling device ”, as it 
is commonly named, was substituted for the push-buttons. A 
modern wall telephone equipped with a calling device is shown 
in Fig. 2 and a modern desk telephone in Fig. 3. 

* A Study of Multioffice Automatic Switchboard Telephone Systems, 
Transactions A. I. E. E., 1908, p. 503. 
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As shown in these Figs, the visible portion of the calling 
device consists of a dial pivoted at its center so that it may be 
turned in a clockwise direction. For convenience in turning 
it has finger holes eleven in number around its outer edge. 
Through each finger hole, except the eleventh one, a number is 
seen. These numbers are consecutive from 1 to 9 and back of 
the tenth finger hole 0 appears. In automatic practice 0 always 
represents 10. 

To call 143, for example, a subscriber will first put his finger 
into the hole through which number 1 is seen and pull the dial 
around until his finger strikes the stop. He will then take out 
his finger and place it in the hole through which 4 is seen and 
again pull the dial around until his finger strikes the stop. 
Finally he will place his finger in the hole through which num¬ 
ber 3 is visible and turn the dial till his finger again strikes the 
stop. He then places the receiver to his ear and awaits the 


r ---. 
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Fig. 1 


answer^ of the party called. Each turn of the dial requires 
approximately one second, and by the time he has placed the 
receiver to his ear the automatic machines at central office 
will have completed the connection to the desired line and will 
be automatically ringing the bells of the desired telephone. 
When through talking, he hangs the receiver on the switch- 
hook and the break in the talking circuit thus made causes the 
central office apparatus to return to normal condition. 

There is contained within the calling device, but not seen, 
a revolving cam arranged to make and break the contact be¬ 
tween a pair of spiings. An escapement geared to a small 
governor controls the speed at which the cam revolves. The 
power is furnished by a clock-spring which is rewound each time 
the subscriber turns the dial. The cam does its work after the 
subscriber’s finger strikes the stop and while he is placing his 
finger m the next hole. If he tries to turn the dial before the 
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cam rotation is finished, he finds it locked. It stays locked until 
the cam rotation is completed. 

The principles involved in the operation of the dial are care¬ 
fully worked out and are essential to rapid and accurate calling; 
the finger is each time placed in a stationary hole in front of a 
stationary number and is then moved until its strikes a stop. 
Every movement is positive and accurate, regardless of the speed 
at which it is made. Any one who has experienced the slow and 
painstaking care required to manipulate the dial on an ordinary 
office safe to bring each successive number opposite the stopping 
point without first passing it, will readily appreciate that any 
calling device which would require the subscriber to stop each 
number opposite a pointer or, vice-versa, to stop a pointer 



Pig. 2 

opposite each number, would be very slow and inaccurate in 
comparison with a calling device like that shown in the illustra¬ 
tions. 

If the numbei* called by a subscriber is “ busy ”, his receiver 
will give forth an intermittent buzzing sound, the same as that 
used for a busy signal in large manual systems. 

If the number he calls is that of a former subscriber, or of a 
subscriber whose number has been changed, he will be auto¬ 
matically switched to the information operator, who will give 
him the information most suitable under the circumstances. 

If a “ long-distance ”• connection is desired, the subscriber 
turns his dial once from the 0 finger hole, which is labeled “ Long- 
Distance ” also. He is thereby connected directly to the re- 
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cording operator of the long-distance board, who takes his order 
just as in manual practice and then informs him that she will 
call him when she has his party. When the long-distance con¬ 
nection has been put up, the operator calls the subscriber and 
the conversation proceeds in the usual way. 

Each automatic system is generally equipped with an informa¬ 
tion and a complaint desk, each of which is presided over by an 
operator who supplies needed information to inquiring patrons, 
or records their complaints. 

Extension telephones, coin-in-the-slot telephones, party lines, 
inter-communicating systems, and private branch-exchanges are 
all worked satisfactorily at the subscriber’s stations. 



Fig. 3 


A subscriber’s private branch switchboard may be either of 

the well known manual type presided over by an operator— 

who makes the local connections and who supervises all of the 

calls to and from the public exchange—or it may be automatic 

with all subscribers’ stations equipped with automatic telephones 

so t at they may call each other or call public exchange patrons 

y means of their automatic calling devices without the aid 

o an operator, or it may be a combination of the two with the 

local calls automatic and those to and from the public exchange 
supervised. ^ 

It IS perhaps needless to say that the transmitter, receiver. 
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ringer, and hook-switch for an automatic telephone may be of 
any standard type. The only part of the instrument that is 
peculiar to the automatic system is the calling device. In fact 
an ordinary common-battery manual telephone may readily 
be adapted for automatic service by mounting the calling device 
upon it as shown in Fig. 4. 

Turning from the discussion of the subscriber’s station to the 
central office equipment, the machines which make the connec¬ 
tions between subscribers’ lines are divided into the following 
classes: 



Fig. 4 


1. Line switches. 

2. Selector switches. 

3. Connector switches. 

A connector switch commonly called a “ connector”, is the 
last one operated in completing each connection; but as its 
functions correspond most closely to those of an operator on a 
manual switchboard it will be considered first. 

There are two principal differences between the work of an 
operator on a multiple switchboard and that of an automatic 
connector. The first lies in the difference in the number of lines 
to which they have access. The operator has within her reach 
a multiple jack for every line in the switchboard, be the number 
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of lines 1000 or 10,000. She may therefore make a con¬ 
nection to an}^ line entering the office, but a connector switch has 
access to but 100 lines. Secondly, a subscriber’s operator takes the 
orders of and makes connections for certain predetermined sub¬ 
scribers only. The number she serves seldom exceeds 200 and 
is often less than 100, but a connector switch is, when idle, ready 



Pig. 5 


to handle the order of any subscriber who may wish to connect 
to any one of the 100 lines to which it has access. 

A picture of a connector switch is shown in Fig. 5. The lower 
part of the machine supports two curved banks of contact plates 
or strips. The under bank, called the line bank, contains 100 
pairs of these contact plates arranged in 10 horizontal rows, 
10 pairs to the row. See left hand bank, Fig. 6. These pairs 
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of bank contacts correspond to the line springs in the multiple 
jacks of a manual board, and, as pictured in Fig. 5, may be multi- 
pled before any desired number of connector switches. The 
upper bank contains 100 single contacts which correspond to 
the sleeves of multiple jacks. This is the busy-test bank, com¬ 
monly called the “private” bank. The cord and plug of the 
manual board are represented by the “ wipers ” on the shaft of 
the machine. The lower or line wiper consists, as shown more 
clearly in Fig. 7, of a pair of long flexible springs insulated from 
each other and each soldered to a flexible cord, while the upper 
or private wiper is a pair of springs connected together to a third 
cord. The movements of the wipers, corresponding to those of 
an operator raising a plug and inserting it into the proper 
multiple jack, are performed by the shaft which has a step- 
by-step vertical movement and a step-by-step rotary movement. 



Fig. 6 


These movements are actuated by pawls and ratchets operated 
by electromagnets controlled by the subscriber from the calling 
device on his telephone, and are always in accordance with the 
last two digits of the number he calls. For example, if he calls 
a number ending in 43, the shaft is raised four steps and then 
rotated three steps, thus raising each wiper opposite the fourth 
row of contacts from the bottom of its respective bank and then 
sliding it over to the third contact in the row. The machine is 
then ready to close the circuit of the calling subscriber through 
to the circuit of the called party, but before doing this it first 
closes the private wiper-circuit only and thus makes an auto¬ 
matic busy test. If it flnds the desired line busy, it keeps the 
connection open and immediately transmits the busy signal 
back to the calling subscriber. If the desired line is not en¬ 
gaged, the connector switch immediately begins to ring the called 
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party’s telephone bell automatically and intermittently. When 
he answers, the ringing stops and the two subscribers Imes are 
closed together for conversation. Talking current is supphed 
to the transmitters of both telephones from the central office 
battery through the relay cods of this connector switch, just as 



Fig. 7 


in manual practice it is supphed through the relay coils of the 
cord circuit. The talking circuit includes nothing but these 
coils and the subscribers’ stations. Its simpHcity and perfect 

balance are shown by the circuit in Fig. 8. ji.ii 

When the subscriber’s conversation is completed and the call¬ 
ing party restores his receiver to the switch-hook, the shaft of 
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this connector switch is “ released ” and is immediately returned 
to normal position by means of a clock-spring and gravity. It 
is now ready to handle another connection for any subscriber 
in the plant. 

One such switch cannot, of course, handle all calls to the 100 
lines to which it has access. In the average plant, 10 connectors 
are sufficient, however, for each 100 lines, because ordinarily 
not more than 10 subscribers in any hundred are ever receiving 
calls simultaneously. Consequently a system of 10,000 lines, 
for example, is divided into 100 groups of 100 lines each, the 
calls to the subscribers in each group being completed by a set 
or multiple of 10 connector switches. Where it is found neces¬ 
sary, more than 10 connectors may be put in a multiple; where 
expedient, economy is attained by putting in less than 10. 
Uniformity is desirable, however, and it is therefore good prac¬ 
tice—although it is not general practice—to exercise some care 
in arranging the subscribers’ numbers, so that each group of 



Fig. 8 


100 will contain approximately the same proportion of frequently 
used lines to lines that are used less often. The grouping of 
lines is strictly according to number; that is, all lines numbered 
from 2100 to 2199 are put into one group and connected to by 
one set of connectors, while all lines from 2200 to 2299 are put 
into another group, etc. It will now be understood that a calling 
party, to complete a connection to a desired line, must first obtain 
connection to an idle connector, switch belonging to the group 
or multiple in which the desired line terminates. In other words, 
processes of group selection and of idle switch selection are per¬ 
formed by other switches which do their work before the con¬ 
nector switch is operated. 

These switches, which are called selector switches, have al¬ 
ready been mentioned. A picture of a selector switch is shown 
in Fig. 9. It looks, and is, very much like a connector switch; 
in fact the mechanism and banks are the same. The differences 
are in the circuits and relays only. In a system of 10,000 lines, 
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these selectors are divided into two classes; namely, first se¬ 
lectors and second selectors. While there is a group of con¬ 
nector switches for each 100 lines to which connections are to 
be made, there is a group or multiple of second selectors for 
each 1000 lines to which connections are to be made, and a 
group or multiple of first selectors for each 10,000 lines to 
which connections are to be made. The bank contacts of the 
selector switches are terminals of trunk lines instead of sub- 



Fig. 9 


scribers’ lines. The first or lower row of first-selector bank 
contacts constitutes the terminals for a group of 10 trunk lines 
leading to second-selector switches in the 1000 section of the 
plant. The second row represents another group of 10 trunk lines 
to second selectors in the 2000 section of the plant, the third 
row represents a group of trunks leading to second selectors 
in the 3000 section of the plant, etc., so that through the 10 rows 
of bank contacts the first selector has access to 10 second se- 
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lectors in each of the 10 sections of 1000 lines which make lip a 
10,000-line office. The first selector switch used by a calling 
subscriber is operated in accordance with the first digit of the 
number he calls. Suppose, for example, he is calling the num¬ 
ber 2543. The impulses sent in by the first movement of his 
calling device will raise the shaft, and accordingly the wipers of 
the first selector switch two steps, placing each wiper op¬ 
posite the row of bank contacts second from the bottom in its 
respective bank. Now the selector switch unlike a connector 
switch, does not wait for the subscriber to make another turn 
of his dial before rotating its shaft, but the rotation is automatic 
and beyond the subscriber’s control. 

The rotation starts the instant the vertical movement is 
completed, and, in the particular case which is here used as an 
example, sweeps the wipers step-by-step over the row of bank 
contacts connected to trunks leading to the 2000 section. 
At each step of the rotation the bank contacts on which 
the wipers then rest are given the busy test, and as soon as a 
disengaged trunk line is found the rotary movement stops and 
the connection is completed to an idle second selector. This 
is all accomplished in a fraction of a second, so that the second 
selector is operated by the subscriber’s calling device impulses 
corresponding to the second digit, 5, of the number 2543 which 
he is calling. The wipers of the second selector are accordingly 
raised five steps and are then automatically rotated just as the 
first selector wipers were. The bank contacts of this second 
selector are the terminals of the trunks to the 10 sets of con¬ 
nectors which complete the connections to the line groups making 
up the 2000 section of the plant. Consequently when the 
second selector wipers stop on an idle trunk in the fifth multiple, 
the calling subscriber is placed in connection with an idle con¬ 
nector in the 2500 groups; that is, a connector which has access 
to the desired subscriber’s line No. 2543. This connector is then 
operated by the last two movements of the subscriber’s calling 
device, and performs the functions of an operator in the manner 
already described at some length. 

Fig. 10 is an endeavor to illustrate’ this grouping arrangement 
and shows the connection just described from the calling tele¬ 
phone to a first selector, then from the second row of first-selector 
bank contacts to a second selector in the 2000 section of the ex- 
change, then from the fifth level of this second selector’s bank 
contacts to a connector switch in the 600 group of the 2000 sec- 
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tion, and then through the fourth row of the bank contacts of 
this connector to the called telephone. 

It is readily understood that by thus using a first selector to 
pick out a trunk to any one of ten different 1000 sections, 



Fig. 10 

second selectors in each section to pick out trunks to any 100 
group in each 1000, and then by using the connectors to com¬ 
plete calls to individual lines in each 100, that connection may 
be made by the use of three, switches from any calling tele- 
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phone to any number from 0000 to 9999 or in other words to 
10,000 different numbers. It will also be readily understood that 
by using a fourth switch, called a third-selector switch, and using 
numbers with five digits instead of four, that the capacity of 
the system will be multiplied by ten and will be 100,000 lines 
instead of 10,000. In a system of 100,000 lines, 10,000 numbers 
are generally set aside for each main central office. Conse¬ 
quently on each call the first selector picks a trunk to the de¬ 
sired office, the second selector picks a trunk to the desired 1000 
in that office, the third selector picks a trunk to the desired 100 
and the connector .completes the connection to the desired line. 

Systems of 100,000 lines^ capacity have been installed in a 
number of different cities. One of the most notable is that in 
Los Angeles. This system is illustrated in Fig. 11. As shown, 
there are six main offices, each with an ultimate capacity of 
10,000 lines. 

The Olive Street main office is now equipped for 10,000 lines, 
West for 4000 lines, Adams for 2500 lines, South for 5000 lines, 
Boyles for 800 lines, and East for 1000 lines. The numbers in 
the South Office all commence with 20 , 000 . Those in Olive 
Street Office all commence with 60,000 etc. 

South office has a branch office called Vernon; West office has 
two branches which are called Prospect Park and Hollywood; 
East office has a branch called Highland Park. The numbers in 
each branch office commence with the same digit as the num¬ 
bers in the main office to which it connects. That is; one of the 
sections of 1000 numbers are taken from the main office and are 
set aside for use in the branch. For example: the lines now 
equipped in South office are numbered from 21,000 to 26,000 and 
the numbers in its branch Vernon, run from 29,000 to 29 , 999 . 
It is, of course, unnecessary for a calling subscriber to know 
to which office he is connected or to which office the party he 
desires to call is connected. 

The trunking between offices is all automatic. A subscriber, 
for instance, in the South office, who, on the first move of his 
dial turns it from the number 2, will automatically select a local 
trunk line to a second-selector in South office. If he makes the 
first turn from the number 3 , a first selector at South office will 
automatically connect him to a trunk line terminating in a 
second selector at East office. Or, if he makes the first turn 
from the number 6, the first selector at South Office will auto¬ 
matically select an idle trunk to Olive Street office, etc. 



68 


[CAMPBELL: AUTOMATIC TELEPHONE [Feb. 11 


Suppose, a subscriber connected to the South office wishes to 
call 62,127, which is an Olive Street office number. The first 
movement of the dial operates a first selector at South office, and 
extends the connection over an idle trunk to a second selector 
switch in the Olive Street office. The second digit 2 will operate 



the second selector at Olive Street office, and extend the con¬ 
nection to a third selector in the 2000 section of the Olive Street 
switchboard. The third digit 1 will extend the connection to an 
idle connector swhch in the 100 group of the 2000 section. The 
last two digits will operate this connector switch and complete 
the connection to 27 in this particular 100. 
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Suppose, again, that a South office subscriber is calling 
39,143 which is in the Highland Park branch office. The first 
movement of the dial operates a first selector in the South office 
and selects a trunk to a second selector in the East Main office. 
The second movement of the dial raises the shaft of this second 
selector nine steps, and selects an idle trunk to a third selector 
in the Highland Park branch office. The third movement ex¬ 
tends the connection through a local trunk in the Highland Park 
branch office, to an idle connector in the 100 group, and the last 
two motions of the dial result in the completion of the connection 
to 43 in that particular hundred. 



It is interesting to note that the distance from Vernon office 
to Highland Park office is over 12 miles, and that the distances 
between the other offices are quite long. It is therefore apparent 
that the trunks between switches may be of almost any desired 
length. It is also to be noted that the time required to complete 
a connection and the number of machines used is independent 
of the number of offices through which a connection may be 
trunked. 

It should be said here that in all 100,000-line systems the num¬ 
bers are made up of a letter and four figures instead of five figures. 

Fig. 12 shows a calling-device number disc for a system of 
this size. Using this arrangement 26 , 187 , for example, would 
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appear in the telephone directory as B-6187. When operating 
the calling device many subscribers will remember a letter and 
four figures more clearly than they will five figures. 

It might be inferred from the foregoing portion of this pa])er 
that there is one first-selector switch pei'manently connected to 
every subscriber’s line. Formerly this was the case, but in a 
modem plant each line terminates in a much smaller and a 
cheaper device called a line switch. The line switch is not under 
the control of the subscriber, but connects him automatically 



j 


Fig. 13 

to an idle first-selector switch the instant he removes his receiver 
from his switch-hook preparatory to making a call. The first- 
selector is, therefore, operated by the first impulses transmitted 
from the subscriber’s calling device just as in the older systems. 
When the line switches are used, 10 first-selectors for each 100 
lines are generally sufficient to handle the traffic. 

Each line switch, see Fig. 13, includes the line and cut-off 
relays with which each line is equipped just as in manual practice. 
It also includes a moveable plunger arm at the end of which a 
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plunger is so pivoted that it may be swung back and forth over 
the line-switch bank. The bank consists of 10 sets of sprinsrs 
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Fig. 14 

and represents a multiple of 10 trunks to hrst-selector switches. 
The line switches are mounted in groups of 25 each on the face 
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of an upright in such a manner that the plungers are in align¬ 
ment. See Figs. 14 and 15. The notch in the head of each 
plunger meshes with a rocking bar or “ master shaft ” as it is 
called. A step-by-step device called a master switch (seen in 
the upper part of Fig. 14) is connected to each pair or to each 
four master-shafts and by means of them can swing the plungers 
back and forth, step-by-step over the banks of contact springs. 
Normally the plungers are at rest poised over bank contacts 
multipled to an idle trunk. 

When a subscriber removes his receiver from his telephone 
switch-hook preparatory to making a call, a circuit is thereby 


MASTER SWITCH 



closed which causes the plunger arm of his line switch to be in¬ 
stantly pulled down, carr 3 dng its plunger out of engagement 
with the master-shaft.and thrusting it into the bank. The effect 
of this is to connect the subscriber’s line to a trunk leading to an 
idle first-selector switch, as shown diagrammatically in the 
right-hand portion of Fig. 15. 

The instant that one line switch thrusts its plunger into the 
bank, thus occupying the trunk over whose multiple all idle 
plungers have been poised, the master-switch operates and swings 
the remaining idle plungers forward over the next multiple of 
bank contacts. If this trunk should be busy, the movement pro- 






Fig 16 
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ceeds until an idle trunk is found. It is to be noted that a line 
switch always uses a pre-selected idle trunk instead of making 
a selection after a subscriber starts to call as the Strowgcr 
selector switches do. This is quite an important feature and 
saves considerable time in establishing a connection. 

Ordinarily the banks of 100 line switches are multiplcd 
together and connected to 10 first-selector trunks, but for four- 
party line service or extra heavy traffic, the number in one multi¬ 
ple is often reduced to fifty. Fig. 16 shows a front view of a 
complete line-switch unit with 100 line switches and two master- 
switches mounted. Only one master-switch is used at a time, 
the other being held in reserve. Fig. 17 is a rear view of the 
same unit showing how the 10 connector switches used for 
handling calls incoming to any 100 lines are mounted on the 
same upright as the line switches handling their outgoing calls. 

While the primary object of the line switches was to reduce 
the cost of the switchboard by eliminating 90 per cent of the 
comparatively expensive first-selector switches, they have also 
simplified the central office equipment and have reduced the 
space required for it. Further, they have resulted in several 
new and somewhat radical departures in the art of building 
automatic telephone systems. The most important of these is 
the line-switch district station which enables very considerable 
savings to be made in underground and aerial cable. 

A district station is installed by placing one or more line-switch 
units complete wdth connector switches in a small building at 
the telephonic center of a district, generally a mile or more 
distant from the nearest central office. The lines of' all tele¬ 
phones in the district are brought to the district station and are 
there connected to the line switches. The first selectors to 
which these line switches are trunked remain at the nearest 
large central office, consequently when a district station suIj- 
scriber removes his receiver from his switch-hook preparatory 
to making a call, his line switch instantly puts him into con¬ 
nection by means of a trunk with a first-selector switch at central 
office. The connector switches for handling the calls to the 
district station telephones are mounted in their usual places on 
the back of the line-switch units, and are connected by trunks 
to the banks of second selectors, also located at the nearest 
central office. Thus all calls from and to the district are handled 
over trunks instead of over subscribers’ lines. 

Since, as already stated, there are usually but 10 first 
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selectors and 10 connectors for each 100 lines, and since but thi'ee 
pairs are needed for testing and supervisory circuits to the 
district station, a total of 23 trunk pairs is sufficient between the 
station and the central office. This leaves a net saving of 77 pairs 
of wires per 100 lines. In district-station practice stations of 
less than 600 subscribers are generally unattended and super¬ 
vised entirely from the central office to which they connect. 
This is so thoroughly worked out that the wire-chief can test 
every line entering each district station without leaving his desk 
at central. Stations of 500 lines or more are generally put into 
a combination residence and office-b.ullding so that one attendant 
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Fig. is 


living in the building gives the equipment all the attention 

that it may require at any time. 

Fig. 18 shows the exterior of a typical line-switch district 

station building 15 ft. by 16 ft. with a capacity of 700 lines. 
Fig. 19 shows the interior of one equipped for 200 lines. 

Fig. 20 is a sketch of a notable system in Columbus, Ohio, 
using one large central office of approximately 10,000 lines, 
surrounded by 9 district stations, varying in size from 100 to 
600 lines. One of these 100-line units in Columbus was installed 
as an experiment in an underground vault about the size of 
an ordinary underground manhole, and has now been so 
operating for about two years. 




















































1910] CAMPBELL: AUTOMATIC TELEPHONE 77 

One can readily imagine that the trunking scheme of this 
system would be very complicated if each of the small offices 
shown in the illustration had trunks to each of the other offices. 
Furthermore the cost of trunks divided into such small groups 
would be so much greater, that the saving in line wires would 
be much reduced and in some instances almost wiped out. But 
using the district stations each having trunks to no office except 
the central office (placed near the business center of the city) 


the trunking plan is a very simple and economical one, and the 

conditions for centralized supervision of the system are practically 
ideal. 

A new feature called a secondary line-switch has very recently 
been introduced into the automatic system. The mechanical 
construction of this switch and of its bank is the same as that of 
the regular or primary line-switch, and it is mounted and con¬ 
trolled by a master-switch in the same manner. The purpose 


Fig. 19 
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of the switch is to reduce still further the required number of 
first-selector switches, and their trunks. As explained, it has 
been the general practice to install a number of first selectors 
equal to 10 per cent of the number of subscribers’ lines. Ob¬ 
servations made in numerous plants at the busiest hour of the 
day, however, show that at the peak of the load not more than 



from 1.5 to 5 per cent of the subscribers are using first selectors. 
The percentage is smaller in the larger plants and greater in the 
smaller plants, being about 5 per cent for a plant of 1000 lines 
and not over 2 per cent for a plant of 10,000 lines. This reduc¬ 
tion in the percentage of trunks required as the number of sub¬ 
scribers’ lines increases, follows a law well known among tele¬ 
phone engineers. The secondary line-switch takes advantage 
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of this principle by making it practicable to give 2000 or 2500 
subscribers’ lines access to one group of 100 first selectors. 
The secondary switches are inserted between the line-switches 
and the first selectors in such a way that the primary line-switches 
pre-select idle secondaries and the secondaries pre-select idle first 
selectors. Therefore, when a subscriber lifts his receiver from 
the switch-hook preparatory to making a call, his line-switch 
and the secondary to which it connects him operate almost in 
unison. This re-selection of trunks, combined with a rather 
complex system of cross-multipling, accomplishes the desired 
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Fig. 21 


result of giving a large number of subscribers access to one group 
of trunks, and thereby reduces the number of trunks and first 
selectors. It is obvious that if the first selectors are at a con¬ 


siderable distance from the line-switches, for example, in a central 
office while the primary and secondary line-switches are in a 
district station, that these secondary switches will save ma¬ 
terially in the cost of trunks to the first selectors. 

Fig. 21 shows the use of secondary line-switches in the general 
trunking equipment scheme for one of the automatic offices 
now being installed in ITavana, Cuba. This office is equipped 
for 5000 lines. The line-switches are divided into two large 
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groups each of 2500 lines, and each consisting of 50 small groups 

or multiples of 50 lines each. The trunks from a 2500«line group 

pass through an intermediate distributing frame to 370 secondary 

line-switches, arranged in 10 sets of 37 each. Each of the 10 sets 

has trunks to 10 first-selector switches. Thus, all calls from 

2500 lines will be handled by 100 first selectors. 

An automatic system equipped for 15,000 lines divided among 

four offices, was installed in San Francisco last year. Secondary 

line-switches are there used between the line-switches and the 

first selectors and are also used to reduce the trunks between 

offices. In former practice each inter-office trunk terminated in 

• 

first-selector banks at the calling office, and in a second-selector 
switch at the called office, but in San Francisco each trunk 
between offices terminates in secondary line-switch banks at the 
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calling office. Then, short local trunks connect the secondary 
line-switches te the first-selector banks. Fig. 22, illustrates the 
trunks outgoing from Main office to Howard, West, and South 
offices, indicating that the secondary line-switches reduce the 
trunks to Howard office from 120 to 60, the trunks to West office 
from 70 to 35, and the trunks to South office from 70 to 35, by 
combining the trunks coming from the first-selector banks in 
groups of 10 each, into one group to each office. 

Inter-office trunks in automatic systems are equipped with 
another piece of apparatus which is also indicated in this sketch 
and which is called a repeater. This is simply a set of relays, 
and derives its name from the fact that it repeats the calling- 
device impulses from the subscriber’s line to the trunk. It 
serves another important purpose, for through its relay coils, 
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talking current is supplied to the transmitter of the calling sub¬ 
scriber. 

lalking current is always supplied to the called subscriber’s 
telephone through the connector switch used in calling him. 
Such an inter-office talking circuit is shown diagrammatically in 
Each subscriber always receives talking current from 
the office in which his line terminates. This is in conformity 
with the best practice which requires that the subscriber’s 
“ loops ” shall be as short as possible, and as nearly alike in 
lesistance as conditions will allow. This makes it practicable 
to supply all transmitters with sufficient current through small 
and economical line wires, and to supply them all with com¬ 
paratively the same amount of current. 

The length of this paper precludes a discussion of the me¬ 
chanical details and circuits of the machines and their ac¬ 
cessories, even if it were thought that a considerable number 

of the members of the Institute would be interested in such a 
discussion. 
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1 here are just two measures of permanent success for any tele¬ 
phone apparatus. One is its popularity with, its users and the 
othei is the profits it affords the owners. Numerous investiga¬ 
tions, some of them made on a vei'y large scale have, to the 
best of the writer’s knowledge, always resulted in the verdict 
that automatic telephone service is preferred to manual service 
by the lai*ge majority of telephone usei's, and while the first cost 
of the equipment is greater than that of manual equipment, 
the elimination of operators’ wages, the saving in building space, 
and the savings in cable and conduit (discussed at length in 
the writer’s Atlantic City convention paper) have generally made 

automatic equipment a more profitable investment than manual 
equipment. 

While a considerable number of small private automatic plants 
are in use, public automatic systems are generally confined to 
cities and the larger towns. For where a manual switchboard 
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is so small that during a considerable portion of the day one 
operator can make all local connections and, in addition, handle 
all rural and long-distance calls, it is very difficult and generally 
impossible for an automatic switchboard to compete with it. 
The larger the system the more economical automatic apparatus 
becomes. It is a matter of common engineering knowledge that 
automatic machinery is not warranted in any class of work until 
the output desired becomes sufficiently large. 

Stating the Case Differently 

When automatic machinery is substituted for manual lal)or 
it is generally for three purposes. 



1. To increase and quicken production. 

2. To reduce the cost of the product. 

3. To secure uniformity both in the quality or form of tlu^ 
product and in the time required to make it. 

These results have been generally attained by automatic 
machine telephone switchboards. 

Among the reasons for the popularity of the vScrvicc it 
may be noted that almost every one likes to feel that the 
making and breaking of each connection is entirely in his own 
control. The quickness with which connections are obtained 
appeals to the subscribers, and in relation to this it may 
be said that while connections are generally obtained more 
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quickly ;^than in manual service, the difference in time seems 
much greater to the subscriber than it really is, for two reasons: 
first, he is occupied in turning his dial while the connection 
is being put up, and the time, therefore, passes more quickly 
than it would were he waiting for an operator. Secondly, 
subscribers generally answer calls received through automatic 
telephones more quickly than those received through manual 
telephones. This can readily be explained by an example: 
For instance, a grocer will answer his automatic telephone more 
promptly, because he knows that the customer calling him will 
hold him directly responsible for any delay; otherwise the 
switchboard operator would probably get the blame. 

The instantaneous disconnection is another good feature which 
is appreciated by any one who has occasion to call several num¬ 
bers in rapid succession. 

Bankers, doctors, and others, who have private matters to 
discuss over the telephone wire appreciate the comparative 
secrecy of the system. 

The uniformity of the service at all hours of the day or night, 
holidays and Sundays included, is attractive to many. 

A foreigner or a person who does not speak plainly often has 
considerable difficulty in getting an operator to understand 
correctly the number of the subscriber with whom he wishes to’ 
be connected. This is even a common cause of complaint 
among telephone users who move from the southern part of our 
own country to the northern part. Fig. 24 shows a calling- 
device number disc such as used in the Chinese quarter of 
San Francisco. This disc is equipped with Chinese characters, 
and up to this time the section of the automatic switchboard 
^which serves ‘‘ Chinatown’' is one of the busiest in the exchange. 

A Word WITH Reference to the Future 

Although mventors have been giving attention to automatic 
switchboards as long as to manual switchboards, and although 
automatic equipment has passed through as many stages of de¬ 
velopment, and in many instances through stages of develop¬ 
ment similar to those through which the manual apparatus has 
passed, yet the former has not by any means reached the dead 
level of “no more beyond" that the latter has. From one 
view point this is discouraging, but on the whole it is in¬ 
spiring, for while those who are most familiar with automatic 
equipment are most painfully aware that it has not yet been 
brought to its highest possible state of development, they 
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are, at the same time, its most enthusiastic admirers, and they 
hope, by further development, simplification, and reductions in 
first cost, that many families who cannot now afford telephone 
service of any kind will have it offered to them at a price which 
they can pay and that the telephone will thus eventually become 
a universal household necessity. They also hope that the auto¬ 
matic operation of many long-distance lines will greatly increase 
their capacity and consequent efficiency. This has been tried on a 
small scale between Columbus and Day ton,Ohio, with very encour¬ 
aging results. Inasmuch as both of these cities are equipped with 
automatic switchboards for local service, it was only necessary 
to have a toll line terminate in the automatic switchboard in one 
city and in a calling device before a long-distance operator in 
the other city to make a trial. It was found that connections 
could be put up much quicker than in the ordinary way. This 
plan is used very satisfactorily by several automatic companies 
for handling their own short local toll lines, by giving the operator 
at each suburban town a calling-device, and allowing her to call 
all parties in the city automatically without any supervision 
at the city end of the line. While the opportunity for an 
operator cheating the company by not reporting all fees earned 
and collected is greater than with double checking, this has not 
been found to be a serious drawback. In fact, it is possible 
to bridge an ordinary stock ticker across the line in such a wav 
that it records every call the operator makes and the length of 
every conversation. It has been found, however, that the 
knowledge that this could be done, and might be secretly done 
at any time, has been sudicient to prevent any tendency toward 
dishonesty. Careful tests and comparisons made by one com¬ 
pany using a considerable number of these short autoinatic 
toll lines showed that sufficiently busy lines handled three times 
the number of conversations that was possible with the former 
arrangement. 
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Discussion on “ Modern Automatic Telephone Apparatus, 

New York, February 11, 


>) 


Chairman Maver: It may be of interest to note that in 
telegraphy two general systems are employed, namely, manual 
telegraphy, and automatic telegraphy. The first relates to the 
hand transmission of messages and the second to the machine 
transmission of messages. In telephony we also have manual 
and automatic systems, so called, but these relate to the manner 
in which subscribers’ circuits are coupled into one metallic circuit 
at the exchange and have nothing to do with the transmission 
per se of communications, which is of course effected by the 
subscribers’ voice. It is of course well known that in the present 
day practice of telephony each subscriber in a given district 
is connected with central by two wires, the terminals of which, 
in the manual system, are led into a switch board in the exchange 
and normally end there. There is in the circuit of these wires 
a relay which closes a circuit containing a small incandescent 
lamp which lights up when the subscriber lifts his telephone 
receiver from the hook, thereby indicating to the attendant opera¬ 
tor in the exchange tliat a connection is desired. Upon listening 
in and ascertaining the number of the desired subscriber the 
operator by means of jacks and cords performs the operation 
of placing the lines of these subscribers in a through metallic 
circuit, ready for intercommunication. In a large exchange one 
operator can. attend to the calls of about two hundred subscribers. 
In automatic telephony on the other hand the operation of 
coupling up the circuit of a calling subscriber with any other 
subscriber is performed automatically in the exchange by select¬ 
ing and connecting apparatus controlled by impulses of electric 
current established primarily by the calling subscriber. 

The epestion of automatic telephony is perhaps not a very 
active issue with us in the East at present, but it is decidedly so 
in the western part of this country, where it is in quite extensive 
operation, and also to a smaller extent in the eastern part. 
For instance, New Bedford and Fall River, Massachusetts have 
automatic telephone exchanges that have been in successful 
operation for the past eight or ten years. 

I am sure, that we all feel under obligations to Mr. Campbell 
and to the company with which he is associated, for their cour¬ 
tesy, in not only presenting the paper, but also in bringing before 
us this model working exhibit of the apparatus, and on behalf 
of the Telegraphy and Telephony Committee, I desire to express 
our hearty appreciation of this courtesy. 

Before calling for discussion, I will ask Mr. Campbell to kindly 
show us the manner in which the ringer arrangement acts in this 
apparatus and also to point out the location of the Keith line 

switch * 

(Mr. Campbell then briefly described the apparatus and gave 

further demonstrations.) 
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Ralph W. Pope: A discussion of a system of this kind 
naturally brings up a comparison with other systems. We have 
been through various discussions of that kind in this room, that 
have sometimes raised the temperature appreciably. This is 
a case, however, where vre are not called upon to discuss tlie 
question of whether or not the apparatus works, because w^e 
know that it does work. I think that our vision can be cleared 
sometimes by taking a reverse view of the conditions. There is 
always some doubt as to whether an automobile is better than 
a horse, but if we always had had automobiles, would we use 
horses to supersede them ? So, if we had always had the auto¬ 
matic telephone system in use, would we be talking about intro¬ 
ducing the manual system as an improvement. 

I have been much gratified, in reading over the paper, to 
see the modest claims made by the author, and to note that he 
has refrained from saying that the automatic system will 
answer in every place and under all conditions. In a certain 
sense, I am quite familiar with it, so far as lapse of time is con¬ 
cerned.^ I wms Chairman of the Committee on Telegraphy and 
Signalling at the W orld s Fair in Chicago in 1S93, when we 
examined the Strowger system which was at that time on exhi¬ 
bition. I believe that it did not receive an aw'ard, because of its 
crude construction, and it was felt that it did not appear equal 
to the claims made for it; and I think I am safe in saying 
that it was not then in use to any great extent. Rather curi¬ 
ously, we considered at that time the question whether it was 
really adapted to large cities, and it seemed to be the opinion 
that it was better adapted for the smaller cities and the question 
of its suitability for the larger cities had not been proved. Since 
189o its utility has been proved, and here in New York, 
where we are supposed to be able to get the best of everything 
there is, and to see everything that is w’orth seeing, it romaincil 
for the Ameiican Institute of Electrical Engineers to have a 
working exhibit of this automatic telephone system for the 
public to come and examine. 


Last summer I visited the Pacific coast, and there, for the 
rst tirne since my experience in Chicago some seventeen years 
ago, I had the opportunity of examining the automatic sykem 
in operation in Portland, Oregon. It was rather a novel ex¬ 
perience to be in that exchange of about eight thousand lines, 
and to see the connections, or rather hear them, being made 

^ practically no one in attendance at 

II, and another thing I learned there in Portland, from our own 
members who were simply subscribers to the automatic system 

experience they preferred the autLatic 
system to the manual system, on account of its certainty of 

giving the wrong numbers. 
. nother point which was new to me, and which was first made 
known to me by a subscriber who was an electrical man and had 
an automatic exchange system connected with his residence, was 
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that occasionally a lineman came looking for trouble on the 
circuit before the subscriber knew that there was an}^ 
trouble. It appears that in the exchange, instead of waiting 
for trouble to be reported from the outside, they can lo¬ 
cate the trouble on the line from the exchange and remove it 
promptly before the subscriber is aware that there is any.trouble. 

Another interesting device connected with the system, which 
was called to my attention, was the meter for registering 
the calls. . It appears that in some of the cities on the coast the 
franchise requires that the telephone exchange system must be 
on a meter basis, that is, that the subscriber must pay by the 
number of calls. The result is that the companies are obliged 
to meter the system, and the meter not only registers completed 
calls, but it discards “ service " calls and discards calls that are 
not completed, so that the meter actually registers only the 
calls that are to be paid for. 

From Portland, Oregon, I went to San Francisco, and there 
the ITome Telephone Company’s system was in process of con¬ 
struction. I visited the main exchange and several of the 
branches, and it is quite certain and evident that the people 
who are building that system have faith in the automatic tele¬ 
phone exchange, for the reason that it is one of the best and most 
expensively constructed systems that I have ever visited—all 
the exchanges are fire-proof, the wires are underground, led up 
in lead-covered cables, and as far as I could see no expense has 
been spared to make the installation first-class in every particular. 

It must be remembered that the manual system may be 
properly divided into two classes, so far as the subscriber is 
concerned—the subscriber may work direct with the exchange 
or he may work through a private branch exchange. In the 
course of my experience I have found that the perfection of the 
manual system depends very largely on the disposition, the voice 
and the attention of the particular operator that has charge of 
the section with which one is connected. I feel that with the 
introduction of a private branch, while the,operator usually has 
less on her mind, that we do not receive the short and petulant 
answers, and the impression that we are trespassing on the time 
of somebody, and we had better be quick about it, that we get 
when we are connected with the main exchange. Right here, 
while this has no bearing particularly on the paper, I think it is 
well for all of us to remember, and I presume we have criticised 
it—that when the operator at the exchange repeats back the num- 
ber wanted, we can rarely understand what the number is, 
and if you wish to correct it, the operator has gone, so that 
that time is practically lost, and I understand that the practice 
has been abandoned in some of the exchanges for that ^reason. 
It may have been due to Mr. Campbell’s Chicago voice that 
he brought with him to-day, but when he undertook to make^a 
telephone connection from my office, he succeeded twice in 
getting the wrong number, and we began to think that the 
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nunibei* was wrong in the booh, but I believe he finally succeeded, 
in getting connection with the subscriber. .1 am free to confess 
that this was a rather bad exhibit to make of the manual system 
to a gentleman who came here with this exhibit we see to-night. 

Chairman Maver: I will make some additional remarks, 
and read one or two communicated discussions, to one of which 
Mr. Pope has referred. As Mr. Pope has said, Mr. Campbell is 
quite modest in his claims, and therefore, even if one were dis¬ 
posed to be critical, not much opportunity is afforded. Mr. 
Campbell presents his apparatus almost as though it were on 
trial, whereas it is in actual operation on a large scale in over 
fifty cities and towms in this country, embracing a total of 250,000 
subscribers. 


Mr. Campbell refers to the somewhat crude apparatus first 
employed in the system which he has described in his paper, 
in whiGh the calling subscriber pushed buttons correwSponding'to 
the call number of the called subscriber. There were, however, 
more cumbersome ways than this employed in some of the 
early automatic telephone* systems, to one of which (the Cal- 
lendar automatic telephone) I may re.fer, as it may help to show 
the manner in which our predecessors sometimes groped about 
to reach a desired point; just as our successors will no doubt 
observe that we of 1910 have only been groping in many things, 
where we imagine we have reached the acme of perfection. The 
Callendar automatic telephone was, I believe, in limited use for 
some time in this country. By reason of its awful and wonderful 
design it is worthy of passing mention. Each subscriber’s 
wire was led into the central exchange in such a manner and so 
arranged with regard to certain mechiiiiism that when a subscriber 
called he was first connected with a “ numerical receiver.” This 


numerical receiver had a movable grooved arm, in the form of 
a rail, which was adapted to make contact with certain other rails 
as required. In a suitable receptacle w^ere kept a number of 
metallic balls, v'hich, w'erc allowed at the proper moment to 
roll into the traveling rail from which they were delivered to the 
subscriber’s rail. The subscribers’ rails w'ere placed across cer¬ 
tain conductors rK.)rmally not touching. At each point o.n a 
rail^ where it crossed a conductor, a trap was placed in the rail. 
When any one of these traps was opened a metallic ball coming 
dowrk the rail fell through the trap and made contact wdth the 
conductor below. Each subscriber was allotted a rail and a cross 
.conductor. When, then, a certain subscidber desired a certain 
■othfr subscriber, he would give the necessary impulses of current 
which would bring the traveling rails into XJOsition with the rails 
■of.tiih desited subscriber, and the metallic ball would then pass 
dro^fdhis receptacle on to the subscribers rail up to the point 
where a tr^ijp was found opjcn, when the ball fell through and made 
connection with’ the subscriber’s cross-connected conductor. 
In'short, by the, ifocchanism employed in this system, the sub¬ 
scribers, by a process of selection, were finally automatically 
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subscribers while 

tnus connected. When through, one or other of the subscribers 

button; the traps were closed and the .balls were 

Tt i\ ^ receptacle, ready for other calls. 

svstpm I'r, f . ^bat if automatic telephony depended on a 

would be contact by movable rails and rolling balls it 

inv cnmnirre-^i’^ bounds to predict that hopes of its ever attain- 
mg commercial usefulness would be meagre. 

mnHe^ei “ost frequent objections that was offered to auto¬ 
matic telephony in its early days was that the multiplicity of con- 

tfoi? employed would prevent its successful opera- 

L'chinaA fA Taaa*® b ported out that whereas in a manual 
PVa ml non subscribers there are, for instance, something 

oOOO subscribers there might be 1,000,000 pairs of contact in 

alone. The introduction of the Keith line 
ftTiufb bo'wever, has reduced the number of such contacts 

exchange by perhaps eighty per cent. Even, 
the introduction of the Keith switch, com- 
pa,ratively little trouble was experienced by the great multi- 
contacts in the a,utomatic exchange; and from actual 
oDservation it is my experience that such troubles are quickly 
indicated by supervisory signals. 

Another point that may be mentioned is that the wear and 
tear on the automatic apparatus is inconsiderable. This is 
paitly due to. the fact that much of the apparatus is not in 
more than 2 to 5 per cent of the time. Apart from this 
tact, actual experiments with certain automatic apparatus, 
wnere the mechanism was operated by machinery over 1,000,000 
times, shows that the wear of the parts' was not perceptible. 

I here is no doubt that the large amount of apparatus and the 
multiplicity of contacts employed in the automatic coupling 
of subscribers circuits tends to the occurrence of troubles that 
aie unknown in the manual systems. An instance of these 
troubles of comparatively frequent occurrence is the “ off 
nornicil troubles, due to a failure of some part of the apparatus 
tx) complete its full function or to return to normal position. 

1 his for example may be due to sticking of the wipers in the 
bank contacts, to imperfect contacts, etc. In the common 
battery system of the manually operated exchange there are 
numerous delicately adjusted relays operated automatically, 
and in the multiple switchboard of the same system there are 
countless contacts, jacks'and cords, subject to handling in no 

conducing more or less to the production 
of defects, but it may fairly be assumed that the occurrence of 
contact and apparatus troubles in the manti;al system is less 
frequent than in the automatic system. 

It is, however, a fact that while the occurrence of such troubles 
IS comparatively frequent in ihe automatic system, nevertheless 
the methods adopted to prorhptly announce or indicate the oc- 
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currence of defective operation to the attendants, by supervisory 
lamps and other signals, are so efficient that in the large majority 
of cases the defects are discovered and rectified before the sub¬ 
scribers concerned are aware that such troubles have existed. 
Further, the attendants become so accustomed to the rhythmic 
sounds of the apparatus in the process of making normal con¬ 
nections that their ear detects any abnormal operation of a 
piece of apparatus almost before the supervisory signal can 
indicate the defect. By reason of this ability of the attendants to 
recognize non-completed calls they are frequently able to assist 
in completing a call. This is done by cutting in on the calling 
subscriber’s line to inquire the number of the called subscriber, 
on learning which the attendant rotates the various parts of the 
apparatus manually as required for the proper connection. I 
believe that a daily average of about 16 such “ assist ” calls has 
been noted in one large automatic exchange. In consequence 
also of this ability of the attendants to forestall and to quickly 
rectify apparatus troubles in the exchange, the disadvantage of 
the occurrence of such troubles loses much of the weight it might 
otherwise possess. Obviously, in this as in many other systems, 
electrical and mechanical, constant vigilance is the price of good 
service. . 

The advantages rightly claimed for automatic telephony are 
numerous. Of course the most important one is that of dis¬ 
pensing with the need of operators at the exchange, not only in 
effecting a large saving in operating expenses, but also by solving 
the “ girl ” problems in the exchanges, which involve training 
the girls, their leaving the service abruptly when trained, the 
necessity for resting rooms in the exchanges, etc. These prob¬ 
lems, together with the difficulty in obtaining operators suitable 
for the work in certain localities, have frequently been the de¬ 
ciding factors in determining the adoption of an automatic 
^change. There is also the further important advantage that, 
in the aggregate, much time is saved in the automatic method of 
connecting,^ and more especially of disconnecting, subscribers,, 
wffiich admits, among other things of the use of a lower per¬ 
centage basis of apparatus and of trunking circuits. 

It is also evident that the percentage of wrong number ” 
calls is, in the nature of things, much higher in manual than in 
automatic exchanges, the difficulty in hearing numerals by 
telephone, and the repetition from voice to voice accounting 
for much of this confusion. There is perhaps no greater single 
cause of annoyance to ^subscribers, and of loss of valuable time 
in effecting connections to a telephone company, than this 
matter of “ wrong number ’’ calls. The claim for secrecy in the 
automatic system does not have much weight with me although 
it appears to do so with the general public, It is my experience 
that the operator in a busy manual exchange has little time and 
less inclination to listen to the subscribers conversation. 

As the result of a wide investigation of automatic telephony 



1910] 


DISCUSSION AT NEW YORK 


91 


in the United States and Canada, I can confirm the claims made 
for automatic telephony by its advocates as to its poptilarity 
with the general public where it is established, especially tliat 
basic feature of the art which enables the subscriber to make 
his own calls without the intervention of an operator. 

E. A. Mellinger: A field for further development of the auto» 
matic system^is suggested by Mr. Campbelhs reference to small 
exchanges. Since a very large proportion of the telephones in 
use in the country are in. exchanges of 500 lines or less, the de¬ 
velopment of a simple inexpensive switchboard designed es¬ 
pecially for use in the small town exchange would go far tow'ard 
making the telephone universal. 


Aside from the economic consideration pointed out 1 


^ 1 11 J.1 -pwj.ll V/I.IU OV .Ivir. 

Campbell the chief problems which present them.selves a.s 
anecting the practical operation of small automatic exchanges 
using the present type of equipment are the maintenance of the 
battery supply and the care of the apparatus. These problems 
are successfully solved in the case of private installations, as is 
indicated by the number of these exchanges in use in government 
and state institutions industrial plants, mines, etc.; but in these 
instances ample facilities exist for charging storage batteries 
and a competent electrician is usually at hand to attend to troulile 
wiich might arise, or to make needed adjustments or changes. 

lo !f+town exchange of one hundred lines or thereabouts 
IS at a serious disadvantage with respect to these items, which it 
would appear might be at least partially overcome by tlie use 

or simple equipment constructed especially for this kind of 
service. 

the economic disadvantages of small automatic 
exchanges, it would be of interest to some to know how larue 

?s nowSsSllM t automatic equipment 

f conTr^rllnn Considered in making 

m.mTr r f K , 1 " <=onsideration of the data available from a 
fbitmanual and automatic exchanges indicates 

i n economy at about 600 lines, 

pio-ht p manual plant of this size, there are employed 

m r f ^ against tllis, 

switchJmr totaliiiil'’inn?iA operator or clerk and a 

avfrS-P annum, thus showing a net 

Assfmtev tlilf+hb exchange of $1,060.00. 

boardrim cost Son 1 telephone and switch- 

Doaras, wiu cost $8,,>00.00 m excess of the manual equirmu'til 

sii Deniln^fr investment six per cent intcro.st uiid' 

Six, per cent for depreciation,, we find that -these annual 

amoun mg to $1,020.00 are just about equivalent do tlL .^vS 
effected in maintenance and operation. The other factors entor"’ 
mg into consideration total about the, same in Lch case I 

SimcV're^cihS'foriT* the result,,except that the smaHer 
an item fn its^fovor ^ automatic switchboard would bo 






92 


AUTOMATIC TELEPHONE 


[Feb. 11 


Local conditions in small exchanges vary so greatly that this 
figure of 500 lines cannot, of courwSe, be taken as authoritative. 
Public automatic exchanges of fewer than 200 lines have been 
operated satisfactorily and economically, but it is probable that 
under present conditions the average exchange of less than fottr 
or five hundred lines cannot afford to install automatic equipment 
except that the greater popularity of automatic service might 
be considered as an economic advantage as it undoubtedly is 
in most instances where competition exists. 

E. L. Lehman: Mr. Campbell’s description of the working 
of the automatic telephone appears to be well set forth, but what 
about the apparatus that does not work or cannot report when 
out of order? After all, it is the efficiency of repairs and cost 
of maintenance that satisfies the subscriber and lowers the rental 


charge. The fundamental requirements of operation to be met 
in maintaining both the manual and the automatic systems may 
be briefly summed up as follows: The ''busy ” and “trouble 
back ” signals, " don’t answer,” " receivers olf,” and line and 


trunk troubles. In the manual switchboard any trouble oc¬ 
curring with the “busy” or “trouble back ” signals would be 
noticed instantly a connection was |)ut up. “ Don’t answer ” 
reports are given to the calling subscriber if the called subscriber 
does not answer. In the case of a business subscriber or the 


calling subscriber insisting that the called subscriber is within 
hearing of his telephone a report of “ can’t raise ” is given to the 
wire chief who makes a test on the line and quite often finds the 
line in trouble, in wffiich case repairs may be quickly made. 

Another important item in maintaining telephones is the loss 
of incoming calls to subscribers who have left their receivers ofi: 


the hook. In a manual exchange of about 6,000 stations, a 
percentage of about 1.5 per day is comparatively small, and the 
percentage to total calls outgoing and incoming would amount 
to one-quarter of one per cent. Yet if these stations had their 
receivers off all day the loss in outgoing and incoming calls would 
amount to the considerable sum of 1,200, or three per cent of the 
total calls for the day. It is safe to say that, with the present 
system of plugging out on the manual system, very few calls 
are lost, as the subscriber is reminded to hang up his receiver by 
a high frequency tone thrown on the line. 

Relative to lines in_trouble; operators are quick to report 
swinging grounds, receiver circuits open due to tips out, etc., 
poor transmission, etc., while the plugging-out system takes care 
of a large percentage of instrument, line, cable and office trouble, 
such as shunts, grounds and open circuits. Trouble on trunk 

lines, office to office, may be intermittent vet are quickly noticed 
by an operator. 


One more comparison occurs to me, namely, the calling of pri¬ 
vate branch exchange numbers or any subscriber that has two or 
more lines, generally numliiered iu consecutive order. In. the 
manual operation, if such a subscriber is called, and the number 
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called is busy the connection will be put upon the next available 
trunk line, while the automatic subscriber would probably have 
found^ number and call until a trunk line not busy was 

automatic system be controlled to such an 
extent that a subscriber s station may not be out of order over 

a period of two or three hours before the fact is knowm by the 
switchman? 

H. W. Pope: Some fourteen years ago I met Mr. Campbell 
a Augusta, Georgia. One of the first systems of automatic 
telephony was introduced in that city, with one selector, as I 
recall it, to each line. It was a very crude affair, and the wonder 
to me was that it worked at all, and I presume it was very largely 
due to the care of the man in charge of it that it did work. 

there are some things that this paper hardly touches upon— 
in fact you would hardly expect it to—and these are the ques- 
maintenance and of depreciation. 'Now, I have an idea 
tnatthe cost of maintenance is a.very large item in connection with 
the automatic system. ‘I am laboring under the impression that 
1 requires a skilled man for every tliousaixd telephones, which 

would be quite an item, in a large exchange, for skilled men do 
no work for nothing, and this system is particularly applicable 
to large exchanges. Of the matter of depreciation, I have no 
reliable knowfedge. I understand there has been a system in 
operation in Fall River for something like ten years, which has 
Shown a depreciation not to exceed, I think that of the manual 
oard. Mr.^ Campbell has refrained from saying anything in 
this connection that would lead to any argument or criticism. 

Another thing which occurs to me is this; a good system, 
whether manual or automatic, should be one that is available 
^ people, for the illiterate and for the blind, or for any 
pexson that can speak the language of,the country in which the 
telephone system is operated. Now, the automatic system es¬ 
pecially as regards the requirements. for the placing or trans¬ 
mitting of the call, does not meet these conditions as easily or 
as simply as the mere act, in the manual system, of lifting the 
telephone from the hook. I do not know how you could handle 
this automatic system in the dark,, unless you were very familiar 
with the transmitting apparatus, arid thatxs quite an essential 
thing, so far as its use in residences is concerned. In case of 
danger, fire, burglary,, or anything of that kind, the mere fact ’ 
that il, in the manual system, you take the telephone ofi the 
hook, attention is called to the fact that something is the matter 
IS of very great advantage. I read only yesterday or the day 
^ ^ suicide, where the information was gained 

woman who committed suicide left the 
telep’hon| |)ff the, hook and they heard her groan. That is a 
new’spaper^ story, .but I can imagine 

case^^^^feii'j^iriergencies 

might wherry attention would be cal^ in, this manner. 

Ul couise,. It IS a. small thing, but it is wdtth considering in 
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connection with automatic systems. A blind man is certainly 
prevented from using the automatic telephone, and we have 
many blind people who use the telephone. 

I do not think there is much in the contention as to the 
rapidity of the, signalling to the central office. Of course, the 
subscriber in working the automatic system is busily engaged in 
whirling around the transmitting devise to the proper point, and he 
does not realize the time he is consuming. While he is doing that, 
in the City of New York you put in a call and get an answer. 
That may not apply everywhere, but it applies here. Mr. Camp¬ 
bell sa 3 ^s in his paper that generally speaking ” it is more 
profitable than the manual system. I infer from that that 
sometimes it is not, and I think that is quite a question. From 
what I have learned and seen, and I have seen quite a good deal 
of it, I have always considered it an expensive system to main¬ 
tain; but I do find that it gives great satisfaction to the sub¬ 
scribers and it eliminates a good deal of difficulty in connection 
with the wrong number. Of course, with the automatic s^^stem, 
the wrong number comes right back to the customer every time. 
In the manually operated s^^steni the subscriber looks in the book 
and finds 3700 and gives 3800; he does not realize that he is 
making the mistake and is prone to blame it on the operator; 
but the fact is that the customers probably make more mistakes 
than the operators do. 

Charles A. LeQuesne, Jr.: I ask Mr. Campbell to explain if 
this s^^stem can be adapted to the use of private branch ex¬ 
changes in connection with city exchanges; and also, what pro¬ 
visions is made for handling pay station calls, and whether 
in using a pay station telephone, it is necessary to first deposit 
your coin before being able to operate the calling mechanism, 
and, having done so, is the coin returned if you do not get the 
connection ? 

A. R. Sawyer: In 1904 when I became connected with the 
Michigan ikgricultural College I found a campus of 25 acres or 
more with about 18 buildings scattered over it and no method 
of communication between them. I recommended to the Board 
of Control the adoption of a system of communication that wnjuld 
facilitate intercourse between the heads of the departments and 
save much time, the arguments for which need not be repeated. 
I saw that what we needed was a telephone system which would 
be intercommunicating for every office on the grounds and would 
be cheap enough in maintenance cost so that everybody could 
have one. I also soon realized that most of the offices should 
have connection with one or both of the Lansing exchanges. 

After studying the matter I decided to recommend the^’autc- 
matic system, which was adopted by the Board of Control after 
due investigation. The outcome wms that we put in an auto¬ 
matic telephone system sufficient to accommodate one hundred 
telephones, with three trunk lines connected to the city exchange 
in Lansing. The automatic system was selected because, once 
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installed, the management would hear virtually nothing oiore of 
it in the way of running expensCvS. A manual S37'Stem wajuld 
necessitate adding to the college pay roll at least three operators 
as well as at least, part of a man’s time to keep the exchange in 
order, whereas the automatic system would need only part of 
a man’s time to keep it in shape and we would have good service 
twenty-four hours a day and seven days in the week. At tliat 
time neither of the exchanges in Lansing gave us satisfactory 
service and it was my desire if we were going to |)iit in a system 
that the outcome should be satisfactory telephone service. As 
a result, we shortly found, ourselves in possession of an automatic 
system, with three trunk lines to Lansing and a telephone in 
every office on the grounds as well as in the residences of those 
who wished to pay the college a small fee for the privilege. 

The Lansing Citizens’ exchange was under the .maiiagemeiit 
of the Grand Rapids Telephone Company which employed an 
automatic system and an up-to-date automatic exchange was 
shortly afterward, installed in Lansing. At that time the auto¬ 
matic company did not claim that its system was best for a small 
exchange, but in the light of the experience we have had, we are 

satisfied that by all odds the automatic exchange was the best 
for us. 


r 


The college electrician calls up the Lansing exchainge every 
morning oyer the trunk lines to make sure that they are working 
satisfactorily, and spends perhaps a half hour in looking over 
the system; the rest of the day he is free for other duties. This 
test over the trunk lines is necessary because of line troubles 
that may have occurred and not because of defective apparatus. 

I will say that some of the lines to the residences oiitside of tlie 
campus run through a d,istrict where wires are numerous and 
consequently we have had much trouble with those lines, due 
to^ miperfect insulation, crosses, .et#.., and at tinres the elec* 
tncian has had to spend a good deal of time on line work. That 
condition, however, w^ould exist with any system* A1 
campus phones are connected by means of lead covered 

in tunnels so that we have no line troubles except those mentioned 
above. ^ 

^In my recommendation to the Board I predicted that the auto¬ 
matic system would require less attention than any other sys¬ 
tem, but 1 was not prepared for the freedom from trouble which 
we found in the switch room. This system calls for better line 
WOTk and leally puts telephone work on a higher plane. 

-r interesting to note the raiJid 

advances that have been made in the past few years in autoinntic 
elephony'. The large inartistic telephone, in UvSe a few years 
ago, has been displaced by the small, neat and comiiact 
phone of the present day.., , ; , * 

At the sanie time the,pa 

compact, tne 
floor space re(|iah^'jw' 1000 lines, has been greatly 
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reduced. The apparatus has been simplified and improved with 
every change. A few years ago an automatic telephone system 
was considered so complicated, that many telephone engineers 
oonsidered it quite impracticable and were unwilling to recom¬ 
mend it to their clients, but the ease with which it has adapted 
itself to all conditions has won the hearty support of most of 
the progressive telephone engineers. 

By the multi-office arrangement of the automatic system a 
telephone company may reach out and serve the sparsely settled 
territory, that if served by the manual system, would cause an 
annual loss to the operating company. Not only do these sub¬ 
scribers receive the same class and quality of service as subscrib¬ 
ers whose lines enter the main office direct, but their rates are 
generally the same, although they are at a greater distance from 
the main office. 

H. A. Robbins: In 1905 an automatic telephone system 
was installed in the main office building of the Brooklyn Rapid 
Transit Company, the system being designed for an ultimate 
capacity of 1,000 lines, but to date only 110 lines have been put 
in service. The purpose of this installation was 

I. To secure quick communication between departments, and 
the several offices of the departments. 

2. To relieve the general switchboard, in order to obtain better 
service on outside calls. 

The results anticipated from the installation have been very 
satisfactorily realized, and a large proportion of the inter-office 
communication is handled over the automatic system tests 
having shown from»80 to 120 calls per hour over this system. 

As to the operation of the system, probably 90 per cent of 
reported troubles, although few in number, have been in the 
.instruments. The selectors and connectors in the exchange 
which might be expected to give the most trouble being almost 
free from trouble of any kind. 

While we anticipated some trouble from cross talk due to low 
insulation in the exchange, the system has been free from this 
trouble, and the talking qualities have at all times been equal to 
those of our manual system. The maintenance of the system 
is in charge of the building electrician; and requires not more than 
15 to 30 minutes of his time each day, the maintenance being 
almost entirely labor costs. While this system, consisting of the 
straight Strowger type of apparatus, has given very satisfactory 
results, the improvements which have been brought out in the 
last few years, especially the Keith primary and secondary line 
switches, should increase materially the possibilities of the'sys¬ 
tem in large installations. I believe that the combination of the 
present manual system and the automatic system will be the 
ultimate solution of the telephone problem in our large cities, 

W. Lee Campbell: The point has beeii made that if the 
“busy back” should get out of order; ii would probably not be 
iipticed, for a considerable length of time in the automatic 
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system. The method of taking care of an automatic system is 
somewhat different from that usually pursued in taking care of a 
rnanually operated switchboard. I can best illustrate, I think, 
the method of taking care of an automatic system by referriiw 
to the method which the locomotive engineer uses in taking care 
of his engine. He does not sit on the engine and keep goino- 
until something breaks or something that has worked loose comes 
off and wrecks the train. He goes out at the stations where lie 
stops long enough, and goes over the parts that lie knows froni 
experience are liable to work loose, or to get too tight, or to get 
out of order in some way, and cause trouble, and with an ex- 
penenced- touch here and there he keeps all the mechanism in 
working order. Any good mechanician having the care of a 
machine pursues that same policy, and any successfully operated 
automatic switchboard must be run on that plan. The ‘‘ trouble ’ ’ 
reports that are commonly used for recording trouble with auto¬ 
matic telephone switchboards divide the trouble into two 
^ detected troubles and reported troubles. If the .switch- 

put down more detected troubles than 
.generally taken for granted by his super¬ 
visor that he IS not giving very close attention to his duty. An 

of f provided with supervisory signals for 

!Sn^v hvbi cS disorders he notices 

Sd^lJjomo+f™ machines As you know, an experi- 

^tomf^r SohK anywhere within hearing of an 

tS l? oorworP?^’^^’ 1 ® ^- if there is a machine 

tliere is T n If -he should fail to notice it, 

there is always a complaint clerk, an information operator 

“f '?•’» sobscrib.r ‘caifr"; 

P trouble, just UvS it IS sometimes iieoassary to do with a 

iffStention cS<fi f leaves his receiver off the hook, 

ms attention is called to it in the same way that it is in the ease of 

the manual p ant; there is a device called a “ hoX ” cin»^^ 

to his line , which sends an alternating circuit of hi a h fre( m(‘n(‘v 

“i ™!P?« WsWiver, .hire— 


give forth a tone tailed a “ howl ” and calls tWluh;;Tii;;rs .-,f. 
^ f receiver is left off the hook, 

ho'irfk lines and private branch exchange .switeh- 

manuinrSiee manner similar to that in use in 

exchn^^r c:tbt . h or instance, suppose there is a private branch 

Sw ^ trunk lino.s, for 

riven the his place of business; they arc nil 

Liber^dcstw tw ^ mannal practice, and any .sjul,- 

is automaticjliy switched to L 

^ finds an Idle trunk. The apparatus doenuWmatfiiS Tl at 
the operator does on the manual switchboard. Of course, ‘if 
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all the trunks are busy, the calling party gets the ‘‘ busy signal ” 
just as he does in manual practice. 

In regard to the cost of maintenance, the maintenance labor 
for the automatic system is undoubtedly higher than for the 
' manual system. The cost of maintenance material, however, 
for the automatic system is considerably less than for the 
manual system. I am not prepared to say, offhand, that the 
following'is positively true, but my recollection is that the cost 
of new cords alone on the manual system will more than pay for 
the cost of all the maintenance materials on an automatic switch¬ 
board of the same size. The additional cost of maintenance labor 
on the automatic system is considerably more than offset by the 
elimination of the operators’ wages, and the elimination of these 
wages takes care of the higher charges on the automatic system, 
due to the greater first cost. 

With reference to depreciation, the oldest automatic system 
that I know of in operation to-day is the one at ^Fall River, Mass., 
* which was installed in 1901, and has accordingly been in opera¬ 
tion about nine years. I had a letter from the manager of that 
system very recently and he says that it is working better now 
than it worked nine years ago, and that the switchboards and 
telephones both show very little wear. So far as its wearing 
qualities are concerned, he sees no reason why the system should 
not be good for a number of years to come. Of course, the sys¬ 
tem is considerably out of date and it may be advisable to replace 
it, before it wears out, with a system more modern, although no 
plans are on foot to do so yet. % 

With regard to the method of reporting fires with the auto¬ 
matic system, nearly every^ automatic system in operation is 
arranged so that a subscriber by making one turn of his dial 
can report a fire to the attendant at the central office. This 
attendant throws a key and simultaneously rings all of the fire 
alarm stations, or as many as the authorities desire to have rung, 
and reports the fire. The method is very similar to tfiat in UvSe 
in manual practice, with the exception that the calling sub¬ 
scriber has to know the number to call, in order to give the 
alarm. It is very common in cities where the automatic sys¬ 
tems are in use to have fire alarms sent in ft rough the auto¬ 
matic switchboards. It may be that the party on whose 
premises the fire occurs is sometimes too excited to be able to 
report it, but I have never heard of such a case. 

With reference to pay stations, there are very few pa/stations 
in operation in connection with the automatic system, and in 
fact there are very few pay stations in operation in any in¬ 
dependent telephone system. The pay station with an auto¬ 
matic system is operated in this way: The subscriber removes 
his receiver from, the switch hook and calls the party he wants, 
in the usual manner. If the party answers he then "drops his 
coin. Until he drops the coin he cannot talk to the called party, 
but he can hear the called party answer him. As Soon as he 
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drops the coin, his transmitter circuit is closed and he proceeds 
with the conversation. If he wants “ long distance,” or “ trouble 
operator ” or some one to whom he should have free service 
the appal citus is at ranged so that it is not necessary for him to 
drop a coin in order to close the talking circuit. 

Frank F. Fowle (by letter): Mr. Campbell’s paper gives a 
very good perspective of the principal features of a full auto¬ 
matic system, up to 100,000 subscribers. This'limit meets the 
conditions at present in all but the largest cities, so that it is fair 
to^draw general comparisons with manual systems. 

The general question of manual versus automatic systems is a 
many-sided, complex subject, to which full justice cannot be 
done m a brief discussion. It is one of those questions which 
can never perhaps be settled for all persons under all conditions, 
and for all time. On the whole, the recognition accorded to 
automatic systems and service is increasing, and they are coniino' 
into greater use. 

There are to-day three basic systems of telephone operation) 
the first and earliest of these was the full manual, the next was 
the full automatic, and the last the semi-automatic or auto- 
manual. A coni],'arisen of these systems should embrace all 
questions relating to service, economics and rates, along some¬ 
what the following lines: 

f Transmission. 

1. Service. J Reliability. 

Accuracy. 

Speed. 


2. Economics 


General. 

Operating. Operation. 

Expenses. Maintenance. 

1 

Taxes. 

• J Insurance. 

Fixed Depreciation, 

charges. Interest. 


3. Rates 


I" Busine*ss, 

[ Exchange. -j Residence. 

•{ [ Special. 

[ Toll. 


The manual system is much the oldest of the three, dating 
back to the origin of the business. The oldest automatic system 
ill service has been in use about 10 years, only. The'auto- 
manual system is comparatively recent, and the only installation 
in the writer’s knowledge is at Ashtabula, O. 

Full automatic and full manual systems are generally well 
understood as to their principal features. The auto-manual 
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system is a compromise between the other two. The subscriber’s 
station equipment and the method of calling the central office 
are similar to the manual system; after the arrival of the calling 
signal at the central office the procedure is different. The sub¬ 
scribers’ lines do not terminate in front of an operator, but any 
incoming call is automatically switched to the first idle operator. 
The operator’s equipment consists of a ke 3 ffioard equipped with 
numbered plungers or keys much in appearance like^ the key¬ 
board of an adding machine; there are also lamp signals and 
selecting keys. There is no multiple of lines before the opera¬ 
tor and none of the equipment used in the manual keyboard. 
The first idle operator receives the calling signal, takes the sub¬ 
scriber’s order, sets up on her keyboard the number called for and 
presses a key which causes that number to be automatically 
selected. The ringing is automatic and the operator is auto- 
maticalh^ cut out of the connection, so that full privacy is in¬ 
sured. When the subscribers hang up their receivers, the con¬ 
nection is automaticallv cleared. 

This sA^stem avoids the complicated and expensive multiple 
switchboard, but retains a human agency in its operation. It 
seems to be especially adapted to the extension of manual 
systems where a conversion to the full automatic is not desired. 
A comparison of some of the individual features of these SA^stems 
will now be taken up. 

Service 

Transmission, Efficiency of transmission is a matter of elec¬ 
trical design and the selection of equipment. There is funda¬ 
mentally no reason why the three systems cannot be designed to 
have equal efficiency in this respect, but both the full auto¬ 
matic and the semi-automatic have an advantage oyer the full 
manual system, in avoiding the electrostatic capacity and the 
resistance of the multiple, including the cable and the jacks. 
The effect of a large multiple on transmission is an important 
factor, and the loss occasioned in this way can only be compen¬ 
sated for by selecting more efficient equipment and increasing 
the size of the talking conductors. 

The circuits shovrn in Figs. 8 and 23 of Mr. Campbell’s paper 
differ somewdiat from the common repeating-coil circuit and are 
probably no more efficient; under some circumstances they may 
be less efficient; as "w^hen ordinary solid-core relay magnets are 
used for impedances, in place of the more efficient repeating coil 
or impedance coil, constructed with a properly sub-divided iron 
core. The effect of such core construction is to increase the ap¬ 
parent resistance and diminish the apparent inductance, due to 
the energy losses in the core. 

Rcliahility, Full automatic service tends toward greater re¬ 
liability than manual or semi-automatic service, because it 
dci)en(Ls on no human agency in its operation; it is equally ready 
at all times of da^^ or night. On the other hand, it possesses 
some disadvantage in that it is composed of such complex ap¬ 
paratus and has such a multiplicity of parts and contacts. 
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It IS conceivable,^ also, that in some of the most recent anto- 
matic systems, which employ line switches and substations, a 
vSudden peak in the traffic load might exceed the capacity of the 
available lines and switches. Insofar as such a condition might 
exist, it would tend to create a public sentiment against the ser¬ 
vice. But any such condition should be only temporary, as 
one of the traffic problems peculiar to automatic systems is that 
of eliminating the danger of busy line switches and trunks. 
Reasonably alert supervision should disclose all such faults. 

Automatic s^T'stems are of course free from interruptions due 
to strikes of the operators, such as have occurred with manual 
s\rsterns in Chicago and San Francisco. They are also less likely 
to suffer interruption from neighboring fires, so close as to make 
it impossible for operators in a manual system to remain at 
woik, instances have occurred where smoke drove the operators 
from tlicir positions. 

1 he manner in which the upkeep of a plant is taken care of is, 
of course, a basic factor in the service which it gives. This is 
]')articularly true where there are so many moving parts and 
contacts. It would be very instructive to have a comparison of 
these systems on the basis of the number of contacts in a com¬ 
plete connection between any two subscribers in the same ex¬ 
change territory. 

^ I he liability of service interruptions increases in some measure 
with the complexity and multiplication of contacts. This 
tendency can be offset in part, at any rate, by proper mainten¬ 
ance methods, and in particular by the adoption of the policy of 
frequent periodic inspections to detect the approach of troubles 
and faults before they cause actual interruptions. Particularly 
in large plants, this policy is almost indispensable to good service. 

Accuracy. This is one of the important qualities of good 
service, but rarely attained in perfect degree in manual systems. 
In fact, the writer has not, in the course of visiting most of the 
large cities in the country, found manual service that was above 
criticism. The human element seems to preclude the possibility 
of 100 per cent of accuracy in service. Under the general 
head of inaccuracies we should include the following; 

1. Wrong numbers. 

2. False busy reports, 

3. False don’t answer reports, 

4. False rings. 

5. Disconnects, or cut-offs. 

All large telephone companies maintain a force to supervise 
and test the quality of the service. On account of the expense, 
it has never been the custom to verify more than a very small 
percentage of the total traffic; the ordinary practice in service 
testing or supervising does not cover more than one per cent of 
the whole traffic, and it is usually but a fraction of that figure. 
When the tests arc .sufficiently numerous, however, they furnish 
some index of the general qu.ality of the service. Some results 
recently given for Chicago are as follows: 
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Per cent 


Calls completed without trouble. 78.6 

Reported “ busy ”. 13.0 

Reported “ don’t-answer ”. 3.0 

Cut-offs, double connections etc. 1.0 

Wrong numbers, fault of operators. 3.0 

Wrong number given by subscriber. 1.5 


100.0 

These figurevS show that nearly one call out of every four is 
hiterfered with for some cause, or more than one in five. About 
one in eight is held up because of busy lines, and one in tvrelve is 
interfered with for other reasons. The “ don’t answer ” reports, 
amounting to three per cent, undoubtedly include some wrong 
numbers. The writer finds it safe always to verify a “ don’t 
answ^er ” by calling a second time, as in some cases the party 
called responds on the second call, and usually advises that the 
first call did not reach him. The writer has also experienced 
the following service: “don’t answer” report on first call, 
“ busy ” report on second call, party answers on third call and 
advises that line was not busy and no previous call or signal had 
been received. 

Incoming wrong number calls are also annoying to the party 
wrongly called. The writer’s telephone luimher is 6,033 and he 
has alwa 3 ^s been annoyed with calls for 6,433; this arises in part 
from the difficulty of distinguishing 0 from 4, when pronounced 
0 instead of naught. There sire many other instances of confu¬ 
sion of vowel sounds. The remedy of course is adequately loud 
and clear transmission and clear enunciation of numbers. But 
there is also the element of operator’s errors, including the mis¬ 
understanding and mis-giving of orders and misplugging ^in the 
multiple. The writer has noticed that bad service at individual 
telephones, particularly in the w^ay of incoming wrong number 
calls, seems to vary greatly and is no doubt traceable to inefficient 
operators on the incoming trunk or B positions, at certain hours 
or on certain days. 

Among the prominent causes of poor manual service are over¬ 
loaded operators, especially in the “ busy hour” or peak load 
period; inexperienced operators; over-loaded order-wires^ or 
calling circuits; poor traUvSniission, especially on order wires, 
which results in misunderstanding of orders and assignments; 
and lack of adequate traffic supervivsion and analysis. ^ 

The problem of procuring, training and maintaining an ^effi¬ 
cient force of operators is one of the important and sometimes 
difficult problems in manual service. In large cities it is neces¬ 
sary to maintain a training school and in consequence there is 
an ’ ever-present percentage of non-productive labor. The 
operating force is usually somewhat unstable and the average 
length of service is not high. 

The auto-manual system tends to eliminate many of these 
difficulties, because the opportunities for error are greatly di¬ 
minished. The work of the operator is concentrated upon fewer 
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functions. The limited experience with it thus far, shows that 
an experienced operator can handle more than double the number 
of calls per hour than in a full manual system. 

The full automatic system eliminates the operators’ errors 
altogether, and in this respect should give superior service. On 
the other hand,^ it places an increased burden on the subscribers, 
due to the manipulation of the calling device. This burden does 
not appear, however, to be serious, and seems warranted if it 
eliminates the operators’ errors in the manual system. 

Both the semi-automatic and the full automatic eliminate the 
cut-offs due to errors in manual operation, but they tend to in¬ 
crease the cut-offs caused by accidental manipulation of the 
switch-hook by the subscriber. In these systems one depression 
of the hook disconnects the line, and if there is no element of 
time lag in the apparatus, this is likely to be annoying. A 
slow-acting disconnect feature seems very desirable. 

Speed. Speed in operation is directly a factor in operating 
labor costs of manual and semi-automatic systems. The sacrifice 
of accuracy for speed, which is sometimes the result in manual 
systems when high operator loads are over-emphasized, can 
hardly fail to^ create a public sentiment of both inaccuracy and 
unreliability in the service. The semi-automatic system has a 
large advantage over manual systems in this respect, and the 

full automatic probably has an advantage over both, all things 
considered. 

Rapid disconnection, especially on trunk circuits, is one of 
the important advantages of both forms of automatic operation. 
Slow disconnects reduce the circuit loads in the busy hour and 
generally slow up the service. The circuit loads in the busy 
hour are directly of prime importance in determining the invest¬ 
ment in the trunking plant, and in toll lines. 

^ It sometimes occurs in manual operation, that the disconnect 
signals fail, ^ and in consequence a subscribers’ line as well as 
the trunk line is sometimes tied up for considerable periods. 
It is conceivable of course that this may happen, with automatic 
operation, but is seems much less likely, owing to the positive 
character of the disconnect function. 

Other Considerations. Coin-in-the-slot telephones and pa}^ 
stations recj^uire manual operation, and in a full automatic system 
there is no feasible way to handle this class of service, except 
by introducing manual operation. This objection does not exist 
in semi-automatic vsystems. 

Toll service cannot, of course, be handled on a full automatic 
basis. The experiments which Mr. Campbell describes in sub¬ 
stituting automatic selection at the “inward ” end of toll cir¬ 
cuits, in place of manual operation, are vei*y interesting. The 
increased circuit load in the busy hour thereby made possible, 
will have a very important bearing on the toll line investment 
and should rCvSult finally in cheaper rates. It should be noted, 
however, that wdiere double checking is dispensed wdth, an in- 
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creased amount of supervision is essential to detect and prevent 
fraud, either by operators or subscribers. The fact which should 
be made plain to tlie operating force is not that supervision is 
possible, but that it exists wdthout cessation. 

One of the objections often advanced by advocates of manual 
systems against automatic operation has been the seeming diffi¬ 
culty of joining automatic with manual operation in the same 
plant, This difficulty exists to some degree, but manual opera¬ 
tion in toll service will always be necessary and in toll boards 
designed for operation with automatic local service exclusively 
the objection seems more imaginary than real. It has not at 
least proved an insuperable objection in some of the instances 
where it has been tried. 

Operating Expenses and Charges 

Operation, The cost of operation, including operating labor, 
supervision, rent, light, heat, etc., would seem to decrease in the 
following order: manual, auto-manual, automatic. Labor is 
the largest item in this account and the saving in labor costs is 
of basic importance. 

Maintenance. The cOvSt of maintenance may vary considerably 
even in similar plants equally situated. The efficieiicy of main¬ 
tenance is directly a factor in the quality of service, and com¬ 
parisons are therefore difficult to draw. The character of equip¬ 
ment to be maintained in the respective systems is quite unlike. 
It has been urged against automatic systems that the cost of 
maintenance would prove excessive, but given well built and 
properly installed equipment it is not apparent why this should 
be so. In fact a comparison between automatic and manual 
sy.stems does not appear to the writer to offer a very decided 
choice either way. 

Fixed Charges. On the general question of fixed charges, the 
first consideration is the investment. This'in a large xneasure 
fixes taxes, insurance and interest. Automatic office equixmient 
costs more than manual, but the distribution system less. 
Approximately 75 per cent of the investment in a manual sys¬ 
tem is in the outside plant or distribution system. The saving 
which results from the use of substations, placed at about 75 per 
cent in residence territory, is almost certain to prove a substan¬ 
tial ultimate economy in favor of automatic operation. There 
will be further economies in the trunking plant, brought about 
through higher circuit loads, with automatic operation and second¬ 
ary line switches. 

The insurance risk on a well engineered telephone plant is 
low, and the rate should not differ materially in any of the 
systems. If it varies at all it shoidd probably be slightly higher 
on manual equipment; the steel cords which are now in wide use 
have sometimes started fires. This, however, has led to the 
practice of introducing lateral and transverse fire bulkheads in 
manual boards to reduce the hazard. 
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The annual charges for a depreciation reserve fund are de¬ 
termined by the investment and the useful life of the plant. 
'More properly it is the cost of reconstruction instead of the in¬ 
vestment, labor and materials costing the same. Automatic 
and auto-manual plants have not been long enough in service to 
determine their useful life with reasonable accuracy. The oldest 
automatic plant in service is about 10 years old, but there are 
few manual plants that are much older, counting from the 
date of construction or last reconstruction. The effects of 
obsolescence and inadequacy have been prominent in the de¬ 
preciation of telephone properties, because of the very rapid 
expansion of the business and the frequent advances in the art. 
For the same reasons depreciation will probably continue to be 
high, in the case of automatic plants at least. However, there 
is a growing recognition of the necessity of sound engineering, 
and plants to-day are more intelligently planned and better 
constructed than they were formerly. The results of this will 
inevitably diminish the rate of depreciation, as time goes on. 
The useful physical life of a well engineered plant ought to be 
very much in excess of 10 years, with the exception perhaps of 
some rural systems. 

Rates 

^ It seems pretty clear that, aside from any unforseen con¬ 
tingencies, a modern automatic plant should be able to offer 
lower I'ates than a manual system, and should in consequence 
produce a greater development. The important advances in 
the automatic art are comparatively recent however, and 
rates do not seem to have been materially affected as yet. 

The history of telephone rates shows that in the early days 
there was no scientific basis of rate making, but rates w^ere fixed 
at what it was thought the traific would bear. In many in¬ 
stances they w’ere exhorbitantly high, and consequently sup¬ 
pressed development and stimulated competition. The com¬ 
petitive movement placed I'ates in many instances too low again, 
liecause there was no scientific analysis of cost. 

To-day, the generally accepted theory, or the theory toward 
which we arc tending as a whole, is the cost-of-vService-plus-a- 
fair-profit. The rates of public utility companies generally arc 
undergoing I'evision, mainly downward. But this is only partly 
true of telephone rates; many companies after ten or fifteen 
years of operation have found it absolutely necessary to raise them 
in order to earn no more than the legal interest rate. The failure 
to provide at all for depreciation and the lack of intelligent 
planning of the original systems and their extensions have been 
responsible in part for this state of affairs. 

It has frequently been stated that the cost of operating a 
telephone system increases per unit as the system enlarges. This 
statement has been advanced in support of high rates in some 
cities. It is of course true that the unit cost of construction is 
higher in cities than in Jowms and country districts, but the 
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greater density of development to some extent compensates for 
it. The aforementioned statement is somewhat misleading. 
The facts in the case are that the cost of a manual multiple 
switchboard increases in faster ratio than the number of lines, 
and the cost of distribution increases as the average mileage of 
wire per line increases. The investment in the distribution 
system exercises the largest single influence on the amount of 
the fixed charges. The average wire mileage per line increases 
with the area of the zone which comprises the exchange territory 
and within which the schedule of local rates applies exclusively 
to all traffic; it decreased with the density of development within 
this area. In large exchange areas more than one central office 
is a necessity, in manual systems, and where there are two or 
more offices there is necessarily an investment in a trunking 
plant. As a whole rates are higher in large exchange districts— 
higher in cities than in small towns. If the exchange district 
should be increased without lirnit, the cost of the trunking plant 
would make the rates prohibitive. Low exchange rates can be 
obtained by restricting the exchange area, and this principle 
has been recognized in at least one large city. Traffic between 
different exchange districts must bear a toll charge. 

What effect the introduction of automatic operation will have 
upon this phase of the rate problent is not yet decided by any 
actual experience in very krge .cities, but in general it should 
result in lower rates, pr, with present rates, in larger exchange 
areas. ^ But as development will be increased by lower exchange 
.rates, it appears -to be desirable to reduce the rates rather than 
increase the size of the exchange district, ^he full automatic 
system as described in Mr. CampbelFs paper is not worked out 
for nioi'e than 100,000 stations. This limit is already exceeded 
in the largest cities and further development of automatic equip¬ 
ment is necessary to fit such conditions. The competitibn be¬ 
tween manual, semi-automatic and full automatic systems is 
certain to have a healthy result upon the telephone art and it is 
to be hoped that automatic equipment will soon be adapted for 
use in the largest cities, with ample margin for growth. 
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THE APPLICABILITY OF ELECTRICAL POWER TO 

INDUSTRIAL ESTABLISHMENTS 


BY DUGALD C. JACKSON 


la two papers oa electrical power for factory purposes which 
were published 14 years ago in th^ Journal of the Western 
Society of Engineers and the Transactions of the American Society 
of Mechanical Engineers, respectively, I set forth the status 
of the^then rather new practice of-utili 2 ing electrical power dis¬ 
tribution in ’manufacturing establishments. In this paper, I 
propose to describe the present status of electrical power in 
factories, and will point out certain remarkable changes which 
have arisen on account of improvements in methods of using 
electacal power and improvements in prime movers adapted to 
driving electrical gerterators. ^ 

A great change has arisen in the attitude of mill and works’ 
owners toward electrical power, following the demonstration of 
certam of its qualities—especially those qualities which loave 
contributed convenience in the arrangement of. machinery so 
as to save floor space and to accelerate output, quicker speeds 
tor machines or closer adaptation of speeds to the needs of high-, 
grade manufacture, cleanliness hi work rooms, and safety to 
employees. First creepingihto use,in manufacturing establish¬ 
ments as an auxiliary readily added in connection with electric 
crane service or to operate isolated or special features, electric 
power has now comedo an established place, and it is needless 
,tp discuss its advanta^^s in factory .$®fvi<».compared with me- 
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power of the water may be conveniently and reliably delivered 
for use in the most effective manner at the most desirable site. 
The power of several- waterfalls may in the same manner be con¬ 
verged upon a single factory site, which may either be contiguous 
to or distant from the stream providing the power These ad¬ 
vantages are effectiA^^ely utilized by many successful manufactur¬ 
ing establishments; and they lie at the root of the success of the 
great power transmission plants constructed for the purpose of 
providing a general power supply. Even when water power in 
large quantities is available directly alongside suitable factory 
sites, the electrical distribution of the power may play a part of 
sufficient importance to enable it to supplant mechanical methods 
on account of its flexibility, which leaves the mill architect free 
to arrange his factory buildings to suit the requirements of manu¬ 
facturing product, substantially untrammeled by those diffi¬ 
culties that always surround the transmission and distribution 
of power by mechanical means. 

Also, in these days of perfected electrical power distribution 
for factory purposes, a multiple of boiler and engine rooms (or 
water-wheel rooms) located at various points on the premises 
has become not only unnecessary, but is recognized in most in¬ 
stances as w''asteful. A single power house where electrical 
power is generated for distribution to all parts of the establish¬ 
ment provides a more convenient and economical arrangement. 
The recognition of this truth is to be observed in the power ar¬ 
rangements of manufacturing establishments in industrial 
communities from the Atlantic Coast to the Rocky Mountains, 
wherein each more important of the recent establishments 
has its individual electric power house builtwith a comprehensive' 
eye to economy, conveniently located on the property, and 
therein are located the only prime movers of the establishment. 
Steam-driven power houses of this character may be located on 
the most favorable part of the property for the receipt of coal 
and supplies and the disposal of ashes, and with a proper eye to 
prevent inconvenience in the manufacturing processes from the 
smoke and dirt that ordinarily accompany the processes of 
generating steam power. 

In a similar manner the old and ineffective plan of dividing 
water-wheels amongst several power houses along a canal, where 
large amounts of power are to be used in an establishment, 
and adapting the factory buildings to the locations of these 
powder houses—a plan characteristic of many of the older textile 
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mills of New England—may now be replaced by the much more 
effective arrangement with a single water-driven electric power¬ 
house located at the most advantageous hydraulic position on 
the canal. The factory buildings may then be grouped and 
arranged as best suits the requirements of economical manu¬ 
facturing, without limitations caused by inflexible mechanical 
means for distributing the power. By the electrical distribution, 
the power may be put wherever it is needed with convenience, 
economy, cleanliness and safety, and to any amount needed. 

Advantages are thus derived from both the manufacturing 
aspect and the aspect of power generation per se from utilizing 
electrical power distribution in connection with important in¬ 
dustrial plants. Steel works, with their valuable by-product of 
gas-power from blast-furnace gases, make striking instances of 
the use of comprehensive, unitary, works’ f ower-generating 
plants under conditions which formerly would have required at 
least several power plants scattered about the works. These aie 
striking instances illustrating the present tendency, but many 
similar illustrations are to be found amongst the factories in 
nearly every important branch of industry. 

The centering of power generation into a single generating 
plant for any large establishment is accompanied by economies 
in power generation that are of themselves appreciable, besides 
contributing to reliability. The question that I wish particu¬ 
larly to bring to your attention is: how far should such concentra¬ 
tion proceed? 

Without the electrical distribution of the power, such concen¬ 
tration could not be adequately carried out at all. Moreover, 
whatever limitations still exist toward improving the economy by 
completely concentrating the power generation in any in¬ 
dustrial establishment, exist with respect to the prime movers 
and not with respect to the electrical distribution of the power. 
Where hydraulic prime movers are to be considered, the con¬ 
centration may ordinarily be made as complete as the conditions 
of the water supply will permit, since the charges on account 
of first cost of installation and the labor cost of operating practi¬ 
cally dominate the cost of the power developed, and these may 
ordinarily be expected to decrease per unit of output as the 
capacity of the plant is increased, under conditions of equal 
or improved load-factor. 

An equivalent condition has not heretofore existed where 
steam prime movers have been used. Since neither labor cost 
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nor steam economy are much improved by increasing a steam- 
electric generating plant over a size of a few thousand kilowatts 
capacity when reciprocating engines are used, the need of ex¬ 
treme concentration of individual plants has not heretofore 
been acutely felt. But the advent of large steam turbines has 
altered the conditions. Plants equipped with these machines 
installed in association with boilers provided with adequate 
labor-saving appliances may be operated with labor costs that 


vie with the labor costs pertaining to hydraulic generating plants 
equipped with machines, of equal size; and the steam economies 
derived from the newer steam turbines are remarkably satis¬ 
factory. As this paper is limited by the program-makers to an 
introduction to the more s^jecific papers on electrical power for 
industrial establishments, I cannot here enter upon a discussion 
of steam-turbine economies and their influence on the genera¬ 
tion of electrical power for manufacturing establishments; but 
my purpose is fulfilled by emphasizing the fact that the operating 
economies of large steam-turbine plants, either in respect to the 
use of labor or the use of fuel, do not seem to be exhausted 
within the limits of capacity yet attained in even the largest 
generating plants now in commission. Moreover, the first cost 


per kilowatt of capacity of plant, including land, buildings, and 
machifeery, falls off in an important degree for the larger steam- 
turbine plants, until such a plant may nearly rival a hydroelec¬ 
tric plant in the gross cost per kilowatt-hour of energy delivered 
at the switchboard, through the fact that the fuel cost pertaining 
to the steam-turbine plant has an offset in the charges caused 
by larger first cost per kilowatt of capacity of hydraulic plant. 
Mr. Stott’s curves* illustrate this point clearly: 

These considerations indicate that concentration of steam- 
electric generating plants will afford considerable economies 
when the concentration is carried much further than heretofore, 
provided large steam turbines are utilized as pritne movers. 
The ultimate economy cannot be reached in a factory 
^ 
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industrial center into one or more great central stations each of 
which provides power for a number of establishments. 

The usual round estimate of the cost of power in machine- 
shops and the like is 160 per horse power per year—taking the 
average power during working hours, perhaps 9 hours a day on 
the average. The cost is probably fully that large, as the power 
in machine-shops seldom exceeds a couple of hundred horse 
power and often does not exceed one hundred horse power. 
The load-factor is also rather low. Under more favorable con¬ 
ditions, large reductions may be made compared with this 
figure. In the case of a mill using an average of substantially 
2000 h.p., for 24 hours per day, 313 days in the year, the cost 
per indicated horse power per hour may be reduced to the 
following figures in case a good compound condensing Corliss 
engine is used and the boiler firing is intelligently supervised. 
The cost of coal is put at $4 per ton on the cars at the purchaser’s 
siding, and it is supposed to cost 25 cents per ton of fuel to put 
the coal in the power-house bunkers and to dispose of the ashes. 
As my experience with power plants located in New England 
is limited, I refer to conditions in parts of the country with which 
I am more familiar; but the data apparently apply equally rvell 
to New England conditions. 

Under the conditions referred to, the costs are substantially 
as follows, per indicated horse power per hour in a well-run plant: 

Cents 

Fuel, oil, waste and repairs. 

Labor. 

Insurance (boiler, liability and fire), interest (at 8%), de¬ 
preciation and taxes on power plant including building 

and land. 


0.65 

This is based on horse power measured by steam-engine in¬ 
dicators on the engine cylinders, and (on account of power losses 
and other expenses) the cost may be increased 50 per cent or 
more for the power mechanically delivered to the centres of 
use in the mill; in which case the cost would correspond to a 
central station charge of as much as If cents per kilowatt-hour 
for electrical power delivered to motors of large size carefully 
located in the mill. When running the same plant ten hours 
per day instead of twenty-four, the cost would come to sub¬ 
stantially one cent per indicated horse power per hour, and when 
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mechanically delivered to the centers of use, the cost of the 
power may reach a rate corresponding to a central-station charge 
of as much as two cents per kilowatt-hour. In small plants and 
plants with a less favorable load-factor, the cost is ordinarily 
much higher; the illustration which I have taken relates to 
power generated under conditions particularly favoring a low 
cost per horsc-power-hour for an individual industrial plant. 

The mill using 10 per cent more power at the maximum than 
is required on the average, and operating 313 days of 24 hours 
each in the year, gives substantially 78 per cent annual load- 
factor based on an installation of a rated capacity equal to the 
maximum load. If the 10 per cent by which the maximum load 
exceeds the average is expected to be carried by the margin in 
the capacity of the machinery over regular rating, as it properly 
may be in cases where the extra load only occurs for brief 
periods when the mill is cold after having been shut down, or for 
some similar reason, the annual load-factor of the machinery is 
substantially 86 per cent. With a load-factor like this, a large 
steam turbine station can generate electrical power at a re¬ 
markably economical rate. It is three times the load-factor 
ordinarily pertaining, to electric lighting stations. 

Putting this mill on a 9-hour regime for 313 days in the year, 
would bring its annual load-factor down to little over 30 per 
cent and would increase the cost of the kilowatt-hour. The 
load-factors of the run of manufacturing establishments rule 
less than this, as the power consumption is generally subject to 
more variations than in the mill that I have chosen for illustra¬ 
tion . 

Even with the conditions named in my illustration, a large prop¬ 
erly designed and built steam turbine station delivering pow’-er to 
a considerable number of factories ought to be able to improve a 
little on the power costs and add something to reliability. The 
requirements for heating mills and the use of steam in various 
manufacturing processes often make it impossible to remove the 
means for generating steam from the factory site, but the 
generation of steam for power purposes is often accomplished 
separately on account of the different pressures needed for the 
two purposes, and the separation is then a matter to be 
dealt with as of manufacturing convenience rather than as 
controlled by economy of steam generation. 

It therefore seems that we have before us a certain definite 
character of development in the power generation for our in¬ 
dustrial cities. Electrical distribution of power has made its 



1910] 


JACKSON: INDUSTRIAL POWER 


113 


way in factories of all kinds of product, on account of its adapta¬ 
bility to diverse requirements; that is, on account of what we 
commonly refer to as its flexibility. It has proved particularly 
advantageous on account of its ready adaptation to delivering 
power wherever and in whatever position the best interests of 
getting out product demands; on account of its joint properties 
of steadiness of speed and controllability of speed, which have 
contributed to increasing both the quantity and quality of 
product; on account of cleanliness, reliability and safety, which 
have also strongly commended its use. Its use has also ordinarily 
proved economical from the standpoint of cost of horse power 
applied to the nlachine shafts. The advantages of *flexibility 
and speed-control are being constantly widened by wiser de¬ 
signing of-motors and their appurtenances, a® experience ex¬ 
tends. Economy and reliability 'are being additionally provided 
in the improved designs and Ulofe substahtial construction 
of new power houses. But one-, of the - important possibilities 
for densely crowded industrial cities is still* almost untouched. 
For instance, in the city of Philadelphia many tens of thousands 
of horse power are used fos- manufacturing in establishments 
crowded together in-city Mocks, , and the power is developed in 
separate large and small power plants located, as physical con¬ 
ditions warrant, in each-establishment and with a minimum 
consideration given to economy. Several (perhaps three) large 
steam-turbine electric: power houses, located on- tide water 
aside from the densely occ$^f>ied areas and:, constructed with a 
careful eye to minimizing, tfe cost of the kilowatt-hour, could 
profitably supply this powe^: ?i|,t, figures corresponding with its 
existing cost, ^d at the s^^piig]f'j^kne-,releaiSie for productive pur¬ 
poses^ large^ parts -of -the v^^l-s^tialile; sfi^ej'jnow, bccupied by 
individual feeiory- powear plltats.', 'This also'relieve the 

tiickly occupied parts of the city frpfei thei^oice-and.dirt that 
have becoifie seriously objectionab%;:^d the 

inconveniences nh^'hektingilhifrh^^gthh'-fi*!-.-Siiippl^;'and . 
discarding the refuse.’ Some -pf'Ifie/'adl^tai^s;of concentratm 
the power supply for large cities were urged in the address of ■ 
President Ferguson at the Frontenac Convention of the American 
Institute of Electrical Engineers and by -President Stillwell, 
at a meeting in New York City.* It is unnecessary for me 
to discuss them further here. ■ 
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Much is now being said of ‘‘ city planning.” vSomc of the 
proposals seem to be founded on pure altruism, but others are 
obviously founded on economy. The city planners of crowdcid 
industrial cities have an opportunity which joins economy with 
altruism in studying the applicability of electrical power from 
centralized generating stations to large and small industrial 
establishments. There is here an opportunity for the better¬ 
ment of crowded larger industrial cities that ought not to bc^ 
overlooked. It has its possibilities also in the smaller in¬ 
dustrial cities. The possibilities are larger and more real than 
appear at first view, but the limits of the jjrogram will not 
permit me to enlarge upon them by illustrations and argument. 
I lay this before you as one of the most important and desirable 
ways in which the proved applicability of electrical power to 
industrial establishments may be utilized for the betterment of 
crowded factory areas. 
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CENTRAL STATIONS VERSUS ISOLATED PLANTS 

FOR TEXTILE MILLS 


BY CHARLES T. MAIN 


Textile mills are in the business of manufacturing tops, yarns, 
cloth, carpets, or some other product for the market. The pro¬ 
duction of power required is an incident or detail, and usually 
the cost of power does not exceed 5 per cent of the value of 
the product. In selecting a location for a new mill it is important 
carefully to consider the source and cost of power—and in esti¬ 
mating the value of a mill already existing—but the power 
is only one item for consideration and it should not be allowed 
to play too important a part in the decision. 

The chief items of cost entering into the product of a textile 
mill are usually materials and labor. It is therefore more im¬ 
portant to locate in some place where skilled operatives in the 
particular kind of business to be carried on can be obtained at 
reasonable wages, or where there can be obtained help who can 
be trained, and where the cost of transportation of raw materials 
and finished products is relatively a small amount, than it is 
to seek a location where cheap power can be obtained but where 
the other items are lacking. A saving of 10 per cent in the cost 
of power would represent a saving of not over one-half of one 
per cent in the cost of the product. The relative importance 
of locating a plant with reference to cheap power increases as the 
ratio of the cost of power to the value of the product increases. 

Most of the earlier mills were located on rivers, and it was due 
to such water powers as were developed on the Merrimac, Con¬ 
necticut, Blackstone and other rivers that the manufacturing 
cities were begun along their banks. 

Most of these powers within reasonable reach in New England 
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have been outgrown, and now there is found in some of the manu¬ 
facturing centres a great preponderance of steam power over 
water power. New centers of manufacturing on tidewater have 
grown up which have little or no water power, but which can 
obtain cheap coal and low rates for transportation, and some of 
the most prosperous mills are driven by steam power. 

In recent years the transmission of power by electricity has 
made it possible to locate the mills more advantageously for 
construction, light, railroad facilities, etc., and has made valuable 
water powers which on account of their location were hitherto 
valueless, and has enabled the construction of central steam 

plants to be located at the mouth of the mines or at tidewater 
where cheap fuel can be obtained. 

Items in Cost of Power 

It can be said generally that the cost of producing power 
may be divided into two parts: 

1. Independent charges, or the part which is independent of 

the output, embracing fixed charges on the plant—as interest, 

depreciation, insurance, and taxes, and, to a certain extent, 
repairs. 

2. Proportional charges, or the part which is proportional 
to the output, including such charges as coal, labor, supplies, etc. 

In general, steam plants may be said to have low independent 
charges, and high proportional or operating costs. 

Water-power plants are usually the reverse, with high fixed 
charge accounts and low operating costs. 

Another item which should be mentioned as affecting the cost 
of power is what Dr. Steinmetz calls the “ reliability-factor,” 
which takes into consideration the spare machinery needed to 
insure continuous service. The charges on this spare equipment 
are apt to have quite a bearing on the cost of power in a central 
station supplying power for sale, where reliability must be one 
of the chief considerations, and more spare or duplicate plant 
is usually maintained than in a private plant. 

FacI'Ors Affecting the Cost of Power 

The chief conditions which affect the cost of steam power, are 
as follows: 

1. Cost of fuel delivered to the furnaces. 

2. Amount of power produced. 

3. The load-factor in its relation to fixed charges, whether 
the power is continuous and uniform, or intermittent and variable. 
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4. The net cost of power is reduced considerably in some con¬ 
cerns where the waste heat of the power plant can be used in the 
manufacturing processes in the form of low-pressure steam or 
warm water. 

The chief conditions which affect the cost of water power are 
as follows; 

1. Fixed charges on the development. 

2. Amount oi power produced in its relation to fixed charges. 

3. The load-factor in its relation to efficiency of wheels, 
pondage, and reservoir capacity. 

4. The cost of supplementary power necessary to make up 
for the fluctuations of the water power, if required. 


Variation in Cost of Steam Power 

Steam power costs the most per unit of power when produced 
in small amounts. The cost is increased for fluctuating loads, 
and when used for purposes where the load-factor is small. By 
load-factor in this instance is meant the average output in per 
cent of the full capacity of the plant. 

Steam power costs the least per unit of power for compara¬ 
tively steady continuous loads, as for paper mills and other similar 
industries; and the cost may be still further reduced where there 
is use for exhaust steam or other by-products from the plant. 
Such conditions as the last are found in color textile mills. 
Power costs the most in plants having a low load-factor with a 
variable load, and where there is no use for the by-products of 
the plant, as in a lighting or street railway plant. 

Textile mills usually run about 10 hours a day, and haA^e a 
comparatively low load-factor, but while the load is on, it is us¬ 
ually fairly steady. Public service plants usually have a load- 
factor somewhat lower than that in textile mills but the load is 
variable, which is not so favorable to economical operation as 
the textile load would be. 

So far as we know, the net cost of steam power is the least, 
and the net value of water power also the least, for color textile 
mills of any of the important industries. This is due to the 
usually steady load and to the fact that the waste products from 

the steam plant are valuable fo-r manufacturing purposes to those 
industries. 

The net cost of steam power for textile mills gradually in¬ 
creases from the cost to the mill which can use all of the waste 
products which will have the lowest cost, to the case of mills 
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making white goods where only exhaust steam- for warming the 
building and drying the yam in the slashers can be used. In 
order to give a general idea of the usual costs of power under 
ordinary conditions in this section of the country, an analysis 
of the cost of power for a station of 2,000 kw, capacity is given 
below. This station is similar to some which have been con¬ 
structed within the last few years. 

As electric drive is becoming so common in textile mills, 
we will assume for the basis of these costs that the stations con¬ 
sidered below will be electric, and of 2,000 kw, capacity, composed 
of two lOOO-kw. units. Usually there is no spare apparatus in 
these plants. This may be considered as fair average practice 
at present for textile plants, but would not be tolerated for public 
service plants where reliability is necessary. 

In making up the cost of power, all charges have been considered 
except the interest charges and taxes on the cost of land. These 
are usually not large items in textile mills, and are variable. 
The cost of land for the station has also been omitted from the 
cost per kilowatt of the station. 

In making up these costs, interest has been taken at five per 
cent, depreciation and repairs on the apparatus for 10-hour 
power at 5 per cent and on the building at 2.5 per cent, insurance 
and taxes at 1 per cent, making a total of 11 per cent on the 
apparatus, and 8.5 per cent on the building. For 24-hour power, 
the depreciation and repairs on apparatus is increased 2 percent, 
thus making the total charge 13 per cent instead of 11 per cent.’ 
A small amount is added in both cases for incidentals. 

These rates of depreciation would not be proper for a station 
where the manufacture of current was the main product, as for 
a public service plant, for newer and more efficient types of 
apparatus would make it necessary to discard apparatus which 
was mechanically good. This course would not be so necessary 
in a manufacturing plant where the saving of a small percentage 

of the cost of power is not of such vital importance as are some 
other considerations. 

With a steam engine plant, with direct-connected generators, 
the cost of the plant per kilowatt of capacity is about $125.00. 

The cost of power from this station with coal at about $4.25 
a long ton, in the pocket, would be about $33.00 per kilowatt 
per year of 3000 hours, as a straight power proposition. This 
is equivalent to about $24.60 per electrical horse power per year, 
and about $21.50 per indicated horse power per year. This 
would be a cost of 1.1 cents per kilowatt-hour. 
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If Steam turbines are used instead of steam engines, the cOvSt 
of the station will be reduced to about $105.00 per kilowatt 
capacity. 

The cost of power produced on steam turbines would also 
be reduced to about $29.50 per kilowatt-year against $33.00 for 
the engine plant. A part of this difference is made up from tlic 
reduced cost of the station and apparatus, and a part from the 
better economy of the turbines which we have assumed are using 
the superheated steam and high vacuum which is common practic(i. 

If steam power were to be generated for 2d hours a day for 
6 days in a week, or say 300 days a year, as for a paper mill and 
a few of the textile mills, the cost of power would be about $57.50 
per kilowatt per year for the engine plant and about $53.00 per 
kilowatt per year for the turbine plant. These costs reduce to 
0.80c per kilowatt-hour, and 0.735c per kilowatt-hour, respec¬ 
tively. 

The difference in the cost for the two kinds of power is due 
to the fact that practically the same amount of fixed charges 
is spread over a much greater number of kilowatt hours. There 
is also some saving in coal due to the elimination of banking of 
fires for a large portion of the time. 

For industrial plants, under consideration, the load is nearly 
constant throughout the operating time, which means good 
operating conditions. 

Public Service Plants 

In a public service plant, even with the same load-factor as 
for the 10-hour textile mill, which would be high for most of 
these plants, the operating conditions would not be so favorable 
as in a textile mill as about the same amount of banking would 
have to be done, and the prime movers would have to operate 
at variable loads. This latter undesirable feature would not be 
so serious in a large station as in a smaller one, so far as tlie 
efficiency is concerned, as the variation could be more nearly 
cared for by varying the number of units and thus operating all 
of them at advantageous points. 

The cost of power for this type of plant is more, other things 
being equal, than for a plant of the same size for a textile mill 
having the same load-factor. This is due to the effect of vari¬ 
able load towards a reduction in efficiency, and because of the 
greater cost of plant and consequent greater fixed charges 
per unit of output. 
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It should be borne in mind, however, that these public service 
]dants are usually of very large size, and that their output de- 
liv ered has to compete in price with the cost of power from very 
small stations. This would give the advantage all to the central 
station as far as the actual cost of making power is concerned. 
To the cost of making the power, the central station must add 
the cost of transmitting, distributing, and selling it. 

These additional costs probably form a very large part of 
the total cost to the purchaser of the power. The distribution 
of power in a city is expensive, meters must be read, accounts 
kept, bills collected, etc. So that while a cential station may 
deliver a kilowatt-hour at the switchboard for less than one cent, 
it can hardly afford to sell it for that. 

Some years ago, the manager of some large public service prop¬ 
erties, testified that the cost of power to a plant of this type 
could not be more than one-quarter of the gross income. A rep¬ 
resentative of another company made the statement recently 
that it cost his company more to meter the current for their 
smallest customers than it did to generate it. 

Effect of Use of Waste Products From Power Plant 

For Manufacturing Purposes 

It has been common practice for many years to use the by¬ 
products, such as exhaust steam and waife water from the steam 
plant, for manufacturing purposes, and for heating buildings, etc. 
It has been also very common- practice to take steam out of the 
receiver, between the cylinders of a compound engine, for these 
purposes. In many mills all of the exhaust of simple non-con¬ 
densing engines is used for manufacturing purposes. 

The saving from using the exhaust of anon-condensing engintg 
which would otherwise go to waste, is large, hocausc there is no 
additional steam required for the engine, unless the back pressure 
is increased. Any use of the steam is nearly all clear profit, 
and if all of it is used the only part left to charge to power is the 
difference in B. t. u. due to the difference in pressure, and the con¬ 
densation in the engine cylinder and jackets. 

Theie seems to be no good reason why in time the practice of 
bleeding tuibines sliould not become as common as bleeding 
engine receivers. 

Receiver Steam 

Table I shows the amount of coal chargeable to power when 
certain percentages of the steam entering the high pressure 
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cylinder are taken out of the receiver. This table takes into 
consideration the effects on the economy of the engine of not 
passing all of the steam into the low-pressure cylinder, cylinder 
condensation, etc. The percentages in the first column are the 
percentages of the steam passing the high-pressure cylinder which 
is taken out of the receiver for manufacturing purposes. The 
second column is the total coal burned and the third is the coal 
chargeable to pOAver after deducting the coal chargeable to manu¬ 
facturing. 

TABLE I 


Per cent of exliaust 
steam used for 
heating purposes 

Pounds of coal per 
one horse power per hour. 
All coal charged to power 

Net pounds of coal per 
one horse power per hour after 
deducting for exhaust 
steam used 

0 

1.75 

1.75 

25 

2.06 

1.50 

50 

2.3S 

1.25 

75 

2.69 

1.00 

100 

3.00 

0.75 


If the mill did not obtain its power from steam, so that it 
could use the low pressure steam of the plant for manufacturing, 
it would have to maintain a boiler plant of sufficient size to pro¬ 
duce an amount of steam equivalent to that bled out of the re¬ 
ceiver. The arhount of B. t. u. or its equivalent in coal chargeal)lc 
to ])ower is represented by the amount of work done by the engine, 
and the losses due to the presence of the engine. The cost of 
generating the rest of the steam is chargeable to the manufactur¬ 
ing processes. 

t 

Examples of Manufacturing Plants 

A few examples of the reduction in cost of power due to the 
uses of the by-products from the steam engine plant, and the 
Ideeding of steam from the receiver may be of interest. 

In one colored cotton and silk mill, the power to run the mill 
was about 1800 indicated horse power and for manufacturing 
purposes about 25 per cent of the steam for this was required in 
the form of steam from the receiver. 

Assuming the cost of power $83.00 per kilowatt year with no 
bleeding, the cost chargeable to power with 25 per cent bled con¬ 
tinuously is $29.75. The saving is $3.23 per kilowatt-year. This 
was for the use of low-pressure steam alone. Probably another 
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material saving could be made by using the overflow from the 
condensei for water for dyeing purposes. 

In another mill where much more dyeing was done, requiring 
a large quantity of hot wafer, also a largl amount oi exhaust 
steam for manu.acturing and heating, the cost of power if no 
steam and waste products had been used, would have been about 
W4.00 per kilowatt year, but when the proper credits had been 
allowed for items chargeable to manufacturing purposes, the 
cost was leduced to about $26.00 per kilowatt-year, or a reduc¬ 
tion of about $8.00 per kilowatt-year. 

In a plain or white goods mill, where no steam would be re¬ 
quired for manufacturing, other than warming the building and 
slashing, the saving to be effected by using receiver steam for 
those purposes, would be about $2.00 per kilowatt 

About three-fifths of this, or $1.20 is for heating, and the rest 
for slashing: so about $1.20 per kilowatt is the amount of the 
reduction which could be made in heating the buildings of an 
industry similar to a textile mill. 

There are a few plants run by simple non-condensing engines 
exhausting into the dye-house and if the dye-house is running 

ull there is very little change in the boiler room whether the 
engine is running or not. 

There is one plant run by a simple non-condensing and a cross¬ 
compound engine. The exhaust from the simple engine and the 
condensing water from the compound engine are all used in the 
dyeing, finishing, and heating. The net cost of coal for power 
under the two last conditions is small. 

In one mill which is run wholly by water power about 12 000 

tons of 00.1 ar. b.med annually fe dyeing, Lishi.g, and hiat- 

ing the buildings. If a portion, or all of this mill had been run by 

s earn power, the waste products of the steam plant would have 

furnished a portion of the heat required for manufacturing pur¬ 
poses. ^ 

The above are fair examples of the requirements in textile mills. 

The Cost of Water Power 

The cost of water power depends upon a great variety of 
factors, but the essential feature is usually the fact as to whether 
the combined result of all these factors is such as to make the cost 
eve opment per horse power delivered, a reasonably 
maU amount, so that the fixed charges shall not be excessive, 
n other words, the allowable cost of water power cannot be ma- 



1910] 


MAIN: INDUSTRIAL POWER 


123 


terially more than the net cost of producing the same amount of 
power for the same purpose in some other satisfactory manner, 
usually by steam. 

The cost of maintaining and operating a supplementary steam 
plant to make up for the shortage of power during low-water, 

, flood periods, etc., must be carefully considei'ed as it affects 
the actual cost of power delivered from the hydraulic plant. 

For the reason that water powers usually have high independent 
charges they are more valuable for use on loads with high load- 
factors than with low load-factors, and hence are more valuable 
for 24-hour power than for 10-hour power. 

Many of the modern developments are of very large size and 
the cost per horse power of the plant is in some cases small. In 
the determination of the cost of power, the cost per horse power 
of development should not be allowed to confuse or cause mis¬ 


representation of the actual cost of power delivered. Usually 
the larger the development installed, the smaller is the cost per 
horse power of development, but it does not follow in all cases 
that the cost of delivered power will be smaller per horse power. 

There are usually more elements of chance and more unknown 
factors in a hydraulic development than in a steam plant, and 
these facts should be taken into consideration and properly cared 
for. It is the lack of consideration of some of these items that 



has caused some of the water power developments to get into 
disrepute. 

On the other hand a development properly made and at a 
reasonable cost is a valuable asset and one which bids fair to 

aa in 


increase in value if the price of coal increases in the future 
the past. 

O) I/)*’ I I i , f 4 ^ I ^ > f I 0 » 
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'OF Water Po wee / 

The value of a hydroelectric power to various industries will 
XEty in approximately the same jtatio a$ the cost of producing 
power in sorne other way, if considered aa power,, pure and simple, 
without taking into consideration other, important items affect- 
mg the busine"^s; ^hic'h 'vital than the cost 

of the power itself'v‘/ m ■ ■ 

To illustrate the value and cost of power under different con¬ 
ditions, it may be well to mention the two following cases! 

A price for hydroelectric power was submitted to a color 
textile mill, of 1.2c pcr kilowatt-hour. After due consith'.rulif»n, 
it was decided that the' mill could not afford to accept the- offer! 
the principal reasons being: ,> 


124 


MAIN: INDUSTRIAL FLOWER 


[Feb. 16 


1. On account of the use of steam for manufacturing purjDoses 
and of the water of condensation for dyeing, the net cost of steam 
power would be less than the price of hydroelectric power. 

2. It was considered better for the textile company to own 
and control its own plant, if it had the capital to build it, than 
to purchase current brought over many miles of pole line, and 
be tied up to some foreign company. 

The cost of power per kilowatt at the switchboard from the 
hydroelectric company for the operating time of the mill was 
about $36.00 per kilowatt-year; and for the steam plant which the 
mill was proposing to install, this cost was estimated at about 
$34.00 per kilowatt-year, but if the power Iiad been ])Ought from 
the hydroelectric company, the mill would have liad to install 
and operate a boiler plant nearly as large as the one required for 
both power and manufacturing. 

It was estimated that the use of tlie waste products from tlie 
steam plant would reduce the net cost of the power at least $8.00 
per kilowatt. 

In another case an offer from a hydroelectric company was 
made to furnish power at 1.2c per kilowatt-hour, the same 
price that was refused by the color textile mill. h"or a plain 
cotton mill it was decided proper to accept the offer. 

The principal reasons for accepting it were: 

1. 1.2c per kilowatt-hour—about $36.00 a kilowatt-year, or 
$27.00 an electric horse power delivered. This reduced back 
to one horse power equals about $23.50 per year, which was very 
near the estimated cost of steam power for the quantity required 
and at the price of coal for this particular industry. 

2. The mill desired to postpone the expenditure necessary 
for a steam plant if it could be done without serious loss. 


Central Station Built by Mills 

Steam central-station plants for the distribution of j)owi‘,r to 
textile mills aie being built and operated by the mills thtmiselves 
to considerable extent, because it is acknowledged that a central 
station of large capacity can be run at less expeUvSe than several 
isolated plants, if considered for power only, without considering 
the other uses for steam and warm water. It is doubtful, how- 
ev^er, if a central plant located at such a distance from the manu¬ 
facturing i)rocesses as to make it necessary to fon^go the saving 
which can be made by the use of the waste product of the steam 
plant canr be; lun as economically as several scattered plants from 
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which low pressure steam and condenser water can l)e made of 
use. In some plants, it becomes a necessity to aljaiulon tiiis ad¬ 
vantage owing to the growth of the plant and the neces.sity of 
separating the power plant from the mill. 

Other advantages may be derived by the concentration of 
plants which warrant the change. 

Nearly all of the recently built concentrated plants are for 
electrical transmission. 


» 

'm, i( 




HYI)ROELKCTKIG STATION 

Iheie ate comiiaratively few hydroek-ctric [Jlanls owned hy 
other corporations which are sufiidying textile mills in the North 
with a portion or all the power recjuired by tliem. 

The reasons for this are as follows: 

Power costs more and can be sold at a greater prict 
•The power plants of textile mills are u.sually of 
size to make them fairly efficient in fuel economy and 
to run in other respects. 

There is usually no large amount 
the service is not severe, and as it is owned and cc 
the company itsel, it can take some chances whieli could not be 
taken by a power company furnishing power to tln! mill. 

i® one of the item* that goes to make up tlu! 
Jhp-teflwtpand is'so wasidtered. It is usually of very little 

require* no additional sal¬ 
aries outside of: the ordhat^' eitfhaeiri ■ ■ 

The item of depreciation is not' ' " . 



nnwAi- j: ’• 'if ** it 18 in a Central 

station for in the mill tile oo*t 'of power is a small percent* 

chisel !!! r “ wtd'thew i*aot the necessity of 

thf.rfSc • order to get themtunoit econowyHbat 

" w-f? ^ ^ station whose product ia power only. '"i '' 

tran<!ndIinnT Charge* to fee made* to 

losses, to selling and metering the power, 
to franchises, administration and other charges which are neces¬ 
sary and common to central power stations. 

The most favorably situated and least expensive hwlroeleefne 

developments can make power and d!efrfZ,7 ! 'I-"® 

okin tPfri-f-u -v.m T • ^ ^ distribute it and st-U it to 

L qmte d f I'" i‘ "'ill 

Inn «,woo rk '■'I'fch tl,™ 

Steam powei to the greatest advantage for power and mami- 
facturmg processes, «• i aim mami- 
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Surplus power which can be furnished for less than the whole 
year must be sold at low prices as the mill must maintain its 
steam plant for emergency use and run it when necessary, thus 
adding to the cost of purchased power the fixed charges on the 
steam plant, and such operating costs as may be met from time 
to time. 

In this section of the country but few of the textile mills have 
purchased power from any central station either steam or hydro¬ 
electric, but in the South, it is not uncommon practice for the 
mill to purchase hydroelectric power. 

Some of the reasons for this are as follows: 

Most of the mills in the North are older than those in the South 
and were built previously to the time of electrical transmission 
of power. They were, therefore, equipped with their own power 
plant, either water or steam, or both, and having made the in¬ 
vestment there is not the incentive to change, whereas a new 
plant might save considerable investment in power plant by 
the purchase of power. 

Most of the Southern mills are plain white mills, lequiring 
no large amount of steam for dyeing and finishing, and 
requiring also less steam for heating the mills. 

The mills of the North average larger in size than those in the 
South, and the larger the plant, the less the cost of power per 
horse power other things being equal. 

As a rule the northern manufacturers arc more accustomed to 
the supervision of their power plants. 

Central Steam-Power Plants Owned by Other Interests 

There are still fewer textile mills purchasing current from 
central steam plants, and the reasons for this are the same as 
stated for the hydroelectric stations. 

The central station men claim that the mills do not know how 
much steam power is costing them. This may be true, in many 
instances, but not in all. The larger mills know the cost 
pretty closely. 

Advantages to Purchasers of Electric Power 

Some of the advantages to the purchaser are as follows: 

In a new enterprise, in which the power plant has not already 
been constructed, there will be required less investment for the 
power plant with the purchase of current, than if the power is pro¬ 
duced by the company itself, and the manufacturing company 
will have more capital for other uses in its business. 
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Less space will be required on account of the omission of the 
power plant and perhaps a better arrangement of buildings 
can be made on that account. 

There will be less care to the managers of the mill if the power 
is purchased than if it is produced by the mill, but in a textile 
mill this does not usually seem to be very serious. 

The company is enabled to postpone the introduction of a 
power plant until some later date, and in that way is able to 
take advantage of any improvements in power plant equipment 
which might be brought about during the time that current was 
purchased. 

For the above reasons, I should expect that a mill would 
be willing to pay something more than the bare cost of power if 
the power were purchased from outside, but the mill should 
determine what the net cost would be from its own power plant, 
taking into consideration not only the cost of power, but also 
the saving due to the use of low pressure steam and warm 
water for manufacturing purposes. 

If power is purchased, there must usually be added the cost 
of running a boiler plant at the mill for heating and manufactur¬ 
ing purposes in making the comparison with the combined plant 
at the mill for power, heating and manufacturing purposes. 

For the above reasons, the central station will have difficulty in 
contracting with large textile mills for power except under the 
most advantageous conditions for the central station and the 
most disadvantageous conditions for the textile mill. 
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THE SUPPLY OF ELECTRICAL POWER FOR INDUSTRIAL 
ESTABLISHMENTS FROM CENTRAL STATIONS 


BY R. S. HALE 


We have heard an account of electric power plants planned 
for each mill to have its own plant. Now, even if the 2000’*h.p. 
plant is of a size greater than the majority of electric central 
stations, nevertheless the question at once arises why should 
we not have a central station larger than most of those of to-day 
and then let the very large station supply the comparatively 
small plants with all the possible advantages due to size and 
combination. This is the question on which I shall dwell. 

I am interested in a great central station and this is a very 
immediate and almost personal question, but the form in which 
the question comes to a sales manager is always whether some 
particular owner of a mill or factory can be persuaded to buy 
electricity, while the American Institute of Electrical Engineers 
is interested in principles rather than in particular contracts. 

The general question of whether a large station can supply 
power more cheaply than several small ones is, however, one that 
hardly admits of argument. Still, in order to satisfy myself 
as to whether 1000- or 2000-h.p. isolated power plants for mills 
diverge, except in detail, from the general principles that have pro¬ 
duced our existing central station, I asked the engineers of the 
construction bureau of the company with which I am asso¬ 
ciated, these questions: 

1. What would be the cost of power in a station that you 
would build to-day to supply about 2000 h.p. 

2. Suppose you had to supply the same at each of ten scat¬ 
tered points within a territory 100 square miles, what would the 
power cost from a big central station? 

129 
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The point of asking for both figures from one office was to be 
sure that both were on the same basis: that if the cost of turbines, 
for instance, should be taken too low, or too high, or if the cost of 
labor were taken too high or too low, nevertheless the same basis 
would be used on both sized plants and would produce no error 
when comparing the two propositions. 

There are, of course, two kinds of errors that we are subject 
to. If one man makes an estimate for both sets of conditions, 
then even if there are errors or omissions, as, for instance, if we 
have figured the price per ton.of coal too high or too low, or if 
we have figured 10 per cent depreciation against an actual 3 per 
cent, or have omitted taxes altogether, still the comparison is, on 
the whole, correct even if both sets of figures themselves are 
a good deal out of the way, since they would be out of the way 
by the same proportion in each case. 

On the other hand, if instead of comparative estimates we 
take actual results in plants that have run long enough to give 
results, we find that the comparison is never on the same basis. 
One man has bought turbines when the manufacturer was willing 
to cut prices; the other has run into quicksand in his foundations 
or unusual labor troubles; and although the individual figures 
in each actual case must be much more correct than in the esti¬ 
mates, yet there is no question but what accidental items affect 
trem.endously the actual costs in individual cases, so that the 
comparisons based on actual correct figures are often very er¬ 
roneous comparisons. 

For instance, published cost figures are sometimes what would 
be called the engineering costs, omitting several items that should 
be included in the real commercial costs before dividends would 
be declared, but if omitted items apply to both sets of figures, 
the comparisons are not seriously wrong. On the other hand, 
we know of hundreds of 2,000- horse power plants when the 
actual figures over a term of years show results much higher 
than in Mr. Main s plants, and higher than in some 1,000- horse 
power or even 500-horse power plants. We cannot use such 
actual figures for comparison, no matter how correct each set 
of figures may be, because they are not on the same basis and 
we cannot take figures for a few Avell-designed plants as repre- 
sentmg real average conditions any more than the average 

central station can feel sure of operating at as low costs as the 
best central station. 

Our engineers’ figures, however, are on the same basis for 
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both small and large plants, I will not take time to present 
their figures in detail but they figured that ten plants of 2000 
horse power each cost 1980,790. per year to deliver their power, 
and one large plant to deliver the same power, including dis¬ 
tribution expenses, $739,580. per year—a saving of 25 per cent. 

No one should expect any other comparative results. When 
the Edison Electric Illuminating Co. of Boston owned plants 
of from 100-to 2,000-horse power capacity each in Somerville, 
Dedham, Milton, Newton, etc. it found it paid to abandon them 
and establish one big generating plant at L Street in Boston and 
distribute the power to outlying districts. 

When the Pacific Mills in Lowell, or Swift & Company in 
Chicago, concentrate all power in one large power house instead 
of one plant for each building, it is because central station power 
is cheaper than small scattered plants. 

It is safe to say that a good engineer who has a chance to make 
a saving for his clients would seldom advise a dozen small 
plants as against one Uirge one. 


Apparently, there can be but one answer to the question as to 
whether a central station or scattered plants are cheapest and 
yet plants such as Mr. Main has installed in his practice and even 
smaller ones, are still being put in occasionally instead of the 
user buying power from existing central stations. 

The real question is not whether large stations are cheaper 
than small ones, but the question is! Why dp not the present 
central stations take all the present business when it can so 
surely be supplied at a less cost to the community if supplied from 
a central station ? 


The question is: Why are any small plants left? The real 
question is not as to the fapts, but as tO the reasons why we do 
not take advantage of the facts. 

Now the figures usually assumed as the cost of supplying 
power to a small plant ^ are somewhat different from the 
prices the central stations will actually quote. The ques¬ 
tion is, therefore, not whether, central,station power is cheaper 
than power of a private plant, but whose fault is it that 
there should be so much difference of opinion as to the actual 
cost in particular cases? In my opinion, both sides are to 
blame. ^ The central station has, tq a extent, failed to 
realize, its opportunity. father .prompters,' 

of the small plants dow 'lor the teal' 

coinmercial cost, ^ and" , Mye'thbusht 
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ginning to realize that it is per cent on investment and not 
cents per kilowatt-hour that means profit; but business of to-day 
is the lesult of prices of three years ago; it takes time to develop- 
Even to-day, however, few central stations realize the field that 
they should covet. Unjust critics are to a certain extent re¬ 
sponsible for this, as central stations depend on popularity. A 
central station making 5 per cent on its investment from the 
proceeds of letail business, seeing that a low kilo watt hour pi ice 
to a big mill means a 6 per cent return on the investment for 
that customer and an accompanying later reduction in price 
L .0 its small customers, hesitates to make the price nece^ssary to 
secure the large customer because the big differential furnishes 
an apparent argument to those who claim that central stations 
are favoring large customers against the small, and 5 per cent 
with popularity is better than 6 per cent with unpopularity, 

even if in the latter case the small customer is getting his price 
actually low^’er. 

Central stations have been weak in not analyzing their ex¬ 
penses properly, but the owners of small plants have likewise 
failed to analyze their expenses as between their i)lants and the 
rCvSt of their business. 

When a central station figures that doubling its kilowatt 
hours by selling ten million more to a single customer will add 
to its distribution expenses as much as.if it sold them to ten 
thousand, customers, it makes a very serious error. On the 
other hand, it is sure that every additional piece of business 
added adds something to the expenses all along the line; in some 
cases more, in some cases less. There are a gi'eat many ex¬ 
penses of a business that must be paid but cannot be said to be 
part of the cost of any particular portion. These are what are 
sometimes^called the general expenses, but they often have other 
names, hor instance, the salary of the president’s office boy 
is not obviously part of the cost of unloading coal, and yet we 
know pretty well that if we should unload five times as much 

coal as we do now, the expenses of the president’s office would 
go up. . 

The cotton mill seldom figures any of the interest on its 
floating debt against cost of power, and yet the money tied up 

in the coal pile must be drawn from somewhere and must earn 
its intemst somehow. 

■Each item is in itself usually small, but in some isolated cases 
theie aie often extra expenses tliat run into big figures. 
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ginning to realize that it is per cent on investment and not 

cents pei kilowatt-hour that means profit; but business of to-day 

the result of prices of three years ago; it takes time to develop. 

bven to-day, however, few central stations realize the field that 

ey should cover. Unjust critics are to a certain extent re- 

sponsible for this, as central stations depend on popularity. A 

central station making 5 per cent on its investment from the 

proceeds of retail business, seeing that a low kilowatt hour pi ice 

to a big mill means a 6 per cent return on the investment for 

that customer and an accompanying later reduction in price. 

to Its small customers, hesitates to make the price necessary to. 

secure the large customer because the big differential furnishes 

an appaient argument to those who claim that central stations 

are favoring large customers against the small, and 5 per cent 

vit popularity is better than 6 per cent with unpopularity, 

even if m the latter case the small customer is getting Iiis price 
actually lower. 

Central stations have been weak in not analyzing their e.x,- 

penses properly, but the owners of small plants have likewise 

tailed to analyze their expenses as between their plants and the 
rest of their business. 

When a cential station figures that doubling its kilowatt 
hours by selling ten million more to a single customer will add 
to Its distribution expenses as much as if it sold them to ten 
thousand customers, it makes a very serious error. On the 

j j additional piece of business 

added adds something to the expenses all along the line; in some 
cases more, in some cases less. There are a great many e.x- 
penses of a business that must be paid but cannot be said to be 
part of the cost of any particular portion. These are what arc 
sometimes^ called the general expenses, but they often have other 
names. For instance, the salary of the president’s office boy 
IS not obviously part of the cost of unloading coal, and yet we 
know pretty well that if we should unload five times as much 
coa as we do now, the expenses of the president’s office would 

up. 

The cotpn mill seldom figures any of the interest on its 
■ debt against cost of power, and yet the money tied up 

in the coal pile must be drawn from somewhere and must earn 

its interest somehow. 

Each Item is in itself usually small, but in some isolated cases 
tliere are often extra expenses that run into big figures. 
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clearly ourselves, have failed to get the exact knowledge sent 

home to the general public. . 

Now why should the central stations, who are not making 

fabulous profits, insist on such high prices mstead of giving t e 
Customer at least part of the advantage of the reductions in cost 

that everyone agrees ought to come with centra supp y. 

The first thing is to analyze the actual central station figures 

and find where the money is going. We find on taking pub¬ 
lished figures of central stations certain large items that are 
nearly or entirely omitted by private plants. Billing and col¬ 
lecting is, for instance, a large item in central station costs. 

The size of these items is obviously due to the num er o 
small customers. On the other hand, with twenty large cus¬ 
tomers, or even one such customer, it would amount to some¬ 
thing, yet it is practically negligible in comparison with the 
bills rendered. Again, for a few large plants we have figured 
10 per cent loss from the central station while the actual central 
station of to-day reports 30 per cent. For a few large customers 
10 per cent is correct and again the high figure for the existing 
central station is due to the number of small customers who use 
transformers at a poor load-factor. For a few large plants, we 
figure only a small distribution expense, while the actual central 
station spends far more for distribution than for manufacturing, 
and as before stated, this is because the existing central station 
has a lot of small customers. 

The combination of big with little does not necessarily add to 
the cost of either and more usually saves on both. The whole¬ 
sale department of Jordan, Marsh & Co., dry good merchants, 
is not handicapped by the retail store of the same company 
but the wholesale and retail departments complement each other. 
If a central station for a few large wholesale customers should 
add retail net-work and get enough income from the retail to pay all 
the additional costs, it would not add to the cost of supplying 
the whole'-ale, although the average cost per horse power de¬ 
livered to all the customers might and would go up. 

Up to within a very few years, central stations have had only 
a retail business, and have not realized that they did not in¬ 
crease distribution expenses proportionately by adding a few 
big customers. Up to within a few years central stations figured 
on their average costs of retail business and thought that the 
big business was a loss because it would not bring as much per 
kilowatt hour as their, average costs. To-day, they are be- 
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ginning to realize that it is per cent on investment and not 
cents per kilowatt-hour that means profit; hut business of to-day 
IS the result of prices of three years ago; it takes time to develop. 
Even to-day, however, few central stations realize the field that 
they should cover. Unjust critics are to a certain extent re¬ 
sponsible for this, as central stations depend on popularity. A 
central station making 5 per cent on its investment from the 
proceeds of retail business, seeing that a low kilowatt hour pi ice 
to a big mill means a 6 per cent return on the investment for 
that customer and an accompanying later reduction in price 
i-o its small customers, hesitates to make the price necessary to 
secure the large customer because the big differential furnishes ' 
an appaient argument to those who claim that central stations 
are favoring large customers against the small, and 5 per cent 
with popularity is better than 6 per cent with unpopularity, 

even if m the latter case the small customer is getting his price 
actually lower. 

Central stations have been weak in not analyzing their ex¬ 
penses properly, but the owners of small plants haw likewise 

ai ed to analyze their expenses as between their plants and the 
rest of their business. 

When a central station figures that doubling its kilowatt 
ours y selling ten million more to a single customer will add 
to Its distribution expenses as much as if it sold them to ten 
t ousand customers, it makes a very serious error. On the 

1 j additional piece of business 

added adds something to the expenses all along the line; in some 

cases more, in some cases less. There arc a great many e.x- 
penses of a business that must be paid but cannot be said to be 
part of the cost of any particular portion. These are what are 
sometimes called the general expenses, but they often have other 
names, tor instance, the salary of the president’s office boy 
IS not obviously part of the cost of unloading coal, and yet we 
know pretty well that if we should unload five times as much 
coal as we do now. the expenses of the president’s office would 

dhe cotton mill seldom figures any of the interest cm its 

loating debt against cost of power, and yet the money tied ut) 

in the coal pile must be drawn from somewhere and must earn 
Its interest somehow. 

Each Item is in itself usually small, but in some isolated cases 
there are often extra expenses that run into big figures. 
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Once I prepared some estimates for one of the best engineers 
we have, one of the men who is now doing things rather than 
engineering them. He said to me, Hale, your estimated 
figures are all right so far as they go, but remember that the 
expenses that really count in business are those that you don’t 
figure on.” In my own department I am always tempted to 
figure that when I add another salesman at $100 a month, I 
am adding only $1200 a year to my expenses. I have, however, 
taught myself to remember that he will need a desk, part of the 
office, rent, part time of a stenographer, office boy, etc., and 
these all cost money. A stock exchange broker once told me 
that when he hired a salesman, the commissions on the business 
the salesman brought'in must be four times his salary, otherwise 
the salesman w^as really a loss. 

Now, just as central stations have figured the costs of adding 
large customers to their retail business too high, so the mill in 
its analysis has failed to remember that its power plant involved 
other expenses besides those it figured on. 

I am perfectly willing to agree that the figures which are 
presented in Mr. Main’s paper are correct as far as they go. We 
have in Massachusetts 100 to 1,000 such plants as those of which 
Mr. Main has given an account. What has been the cost in 
others? The cost in a central station we know, and know for 
large stations and small stations. We have had bed-rock ex¬ 
periences for 20 years with no chance to draw on the general 
expenses of the rest of a mill. Any expenses which we forget 
to figure on come out of profits; but do you not suppose that if 
you got at a mill whose treasurer took a pride in his weaving- 
room and cared little about the expense of his engine-room that 
you would find a good deal more charged against cost of power 
than Mr. Main has given as the cost in the best plants? 

To bring this out, take some of these estimates of cost and 
consider what a promotor says if he is asked to put in a plant 
and sell power at his estimates. Suppose he figured 6 per cent 
on the money; 6 per cent is a good return year in and year out 
and if the promotor’s figures are for the actual costs, they 
should show profits that would give more than 6 per cent just as 
often as they would show losses. But we all know what the 
promotor says: he is not in the business of selling power and 
would not want to risk his money. He knows that before the 
work is done there will be all sorts of extra expenses of the kind 
he has not figuied on. He knows that if the plant is run in 
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connection with a mill, or hotel, by anyone that is not in the 
power business, that all these extra expenses will come out of 
the general profits of the other business, while if the plant is run 
independently and on its own basis, it would have to stand its 
share. Still these other expenses must be paid before the divi¬ 
dends. The owner of the business usually realizes this, though 
not in full degree. He always says, “ I am perfectly willing to 
pay 10, 15 or 25 per cent more for central station power than it 
would cost me to make it myself ”. If the costs he is thinking 
of were his real costs, this would be foolish, but what he really 
means is, “ In addition to the costs that my engineer or book¬ 
keeper figures for me, I must add 10, 15 or 25 per cent for what 
they do not figure on 

Now, if the engineer has included all the items, viz., interest 
at the same rate of profit the owner wants on all his busines 
depreciation figured not on the time the plant might last but on 
the date when he will scrap it, taxes, insurance, coal, water, labor, 
repairs, rent, removal of ashes, loss due to noise, loss due to 
vibration, loss due to dirt, loss due to non-flexibility, loss due to 
extra cost of running overtime, extra cost for superintendence 
including the time spent in hiring and discharging engineers, 
purchasing coal and supplies, checking records, etc., etc. (these 
all should be added), and if after all the expenses are included 
the plant shows a less cost than purchased power, it should be 
put in. When an owner says he will pay 20 per cent more for 
purchased power than it would cost him to generate it for him¬ 
self, he is really saying, “ My engineer is sure to omit 20 per cent 
of the real costs;” and just as the actual central station of to-day 
has a tendency to figure costs of supplying big power too high, 
the actual isolated plant of to-day figures its costs too low. 

The projectors of isolated plants often lay stress on the special 
advantages of a separate plant for some particular case. This is 
usually in connection with the use of exhaust steam. One of 
the isolated plant advocates told his client that he could use 
his steam three times; first, for power; second, for heating by 
exhaust steam; and get a third supply of heat for evaporating 
sugar or in chemical processes. 

There is no question about the theoretical advantage of using 
the exhaust steam for heating, but if the practical advantage 
followed the theoretical then the central stations should be 
putting down small plants in the centres of cities and selling 
steam heat in local blocks. If the central stations find this does 
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the end of the contract it discontinues without loss, while with 
a plant of its own it can never discontinue without loss. Perhaps 
in special cases this freedom may not be worth anything, yet 
it is safe to say that in general the central station sells better 
power and allows more freedom than the isolated plant can give. 

To summarize; 

1. Central station power can, except in very unusual and 
special cases, be supplied more cheaply than when a man in 
another business attempts to make power as well as to carry on 
his own business. 

2. Central station power is practically always better and gives 
the private owner more freedom and flexibility than when he 
ties himself to his plan. 

3. The existing central stations have in the past figured, 
the cost of their power supply in large lots too high, and have 
unconsciously hurt thdinselves and the public by attempting 
to charge large customers too much. 

4. When central stations have made proper prices, the 
people who do other kinds of business have hurt themselves 
and the public by figuring their own costs of power too low and 
not charging their own time and’general expense against the 
added business responsibility of the plant. 

In future, the central stations will corpe closer to the other 
businesses; all will get together and pull togethey, and an isolated 
Ijower plant will, before many years, be just as scarce as an 
isolated plant for making gas is to-^y. 
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not pay, and practically every one of them has tried it at some 
time or other, then the chances are that it usually does not pay. 
The same idea applies to many of the other special cases. 

A further difference between a small plant and a central sta¬ 
tion is that there is an actual difference in the thing supplied 
in two very important ways. One is quality of service. The¬ 
oretically, a small plant can often give as good service as a larcf 
one. Practically, the large one gives wool against cotton in 
many ways. The steadiness and reliability of the power in 
every way is, as a matter of fact, much greater for central sta¬ 
tion power. This costs more and is worth moi-e and often the 
central station has. not any poor service to sell at a low price. 
This is a special condition that is really more frequent than 
the question of steam heating. A business that is fully satisfied 
with cheap and irregular power at a low price can often make that 

quality of power itself better than to buy a good quality of power 
from the central station. 


A second is that the isolated plant supply is inflexible but the 
central station supply is flexible. An isolated idant, if figured 
on depreciation of 3 per cent, must be used a quarter of a century. 
Even at 10 per cent, it must be used a long time; and, more tlian 
this, no plant is like the one-horse shay, it can never lie dis¬ 
continued without a loss. On the other hand, central station 
supply in many cases can be discontinued at the will of a pur¬ 
chaser on a moment's notice. In other words, with central 
station supply, the purchaser is free; with a plant he is tied like 
a serf to the investment he has put in. 

It IS true that this freedom for the purchaser can only be given 
at an expense to the central station. When the central station 
must be prepared to lose a customer at a moment’s notice, or a 
month s notice, it cannot make its arrangments as economical ly 
as It It counted on running along exactly the same year in year 
out, as the mill that has its own plant must do in order to make 
the plant pay. Part of this condition can be and is taken carci 

^ y ng-time contracts. If a central station can fi<airc that 

^nd whfT; will be used foi-all time 

h Ir uDO V n definite or indefinite date, 

bTi s^o^'iur^r onLan busmesS 

by Its own judgment of the future; but even with the longest 

and strongest contracts made with the central station, the mill 

.s freer when purchasing power than with its own plant, “I 
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ILLUMINATION FOR INDUSTRIAL PLANTS 

BY G. H. STICKNEY 


The problems of industrial illumination include the lighting 
of offices, yards, elevators, stairways, and other accessories, 
but it is the purpose of this paper to treat principally of artificial 
illumination for the actual processes of manufacture. 

Electric light is being adopted generally as the standard of 
the best practice, furnishing the safest, most convenient, and * 
usually the most economical illuminant available, therefore this 
paper will treat of electric lighting only. 

Value of good aTtificial illuwiiuation. All industrial processes are 
subjected to a close cost-scrutiny. Pressure is placed where- 
ever it seems possible to reduce cost. The lighting bill, holding 
as it does an indirect relation to the resulting product, is often 
discriminated against. Although it is seldom practicable to 
estimate accurately the relative values of different degrees of 
illumination, it is well known, however, that an average workman 
.can do more work and better work with an illumination of suit¬ 
able intensity than with a weaker light. Figures have been 
published which show the relative rate of production by day¬ 
light and by artificial light in particular installations. In 
every case the superiority of daylight has been startingly demon¬ 
strated. Unquestmnably in the majority of manulacturing 
p ants to-day, raising the standard of illumination would justify 
Its cost in the improved quantity and quality of production. 
Many factories are operating by old and inefficient methods 
where the use of modern apparatus and methods would actually 
show a reduced operating cost with improved illumination. 

in revising the lighting of plants to take advantage of new 
developments, the manufacturers have in a number of instances 
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expressed surprise at tlie marked improvement in production 
due to the better illumination. 

The workman. The operative is an important factor for con¬ 
sideration in any lighting proposition. Since the light is pro¬ 
vided primarily for his use, in order that he may perform liis 
work advantageously, it follows that it should be suited to Ins 
needs. To be satisfactory the illumination should, enable th(‘ 
workman to perform his work quickly and well, without ex¬ 
cessive eye-strain. The illumination can furtlier increase his 
efficiency by making him at ease with his surroundings, or it 
can render him dissatisfied. 

It is seldom practicable to equal daylight, and therefore it 
is usually advantageous to call as little attention as possible 
to the artificial lighting. One of the serious objections to placing 
a small portable light under the control of the workman is that 
he is inclined to experiment with it, not only wasting his time, but 
often placing the light so as to produce a glare in tlie eyes of Ids 
fellow, workman or himself. Such an arrangement is soori followed 
by eye-strain, and the workman feels a desire for more liglrt. An 
increased light only makes matters worse, and at tlie sanie time 
calls for a higher current consumption. We ha,ve revised sucli 
installations when it was possible, cutting the current consump¬ 
tion in two, by going to general illumination and still providing 
ample working illuminations. 

Such a change is usually resisted at flrvSt by the workman, 
j)artl\ because the strained condition of the eye' makces it recjuir(^ 
more light foi clear vision, and partly because tlie workna'in 
thinks an inherent right is being taken from him. If the cliaiige 
can be made diplomatically, perhaps providing additional in¬ 
tensity for the first few days, it is not unusual that a consideralile 
reduction can be made, and at the same time a liglit furnislied 
which is really better for the employe. In making such a cha.nge 
the operator should understand that the new system is an ac¬ 
cepted success elsewhere. If it is treated as an experiment and 
the workman’s opinion asked, he is apt to become over-critical. 

riie buildtng. The lighting system in any building or room 
should be arranged so as to fit the conditions. Likewise tlie 
budding should conform as far as possible to the requirements of 

itS- a i-oom affects the efficiency of a 

nlhT“ considerably. A dark finish is rich and 

pleading to the eye, but m a workroom it is often extravagant. 

1 ening t le walls, pillars and ceilings of a room will prixluc 
a remarkable increase in the effectiveness of the light. 


36 





1010] 


STICKNEY: IMDUSTRIAL LIGHTING 


141 


A high-studded room sometimes requires more power to light 
than a lower room, but it permits the use of larger units with 
wider spacing. This is desirable from an installation and main¬ 
tenance standpoint. It is common practice to space lamps 

one and one-half to two times as far a part as the height above 
the work. 

Especially in large rooms the use of low glaring lights should 
be carefully avoided, as the lamps brought together by pers¬ 
pective are distressing to the eye. The higher the lamps are 
hung the less the necessary precaution to avoid glare. Modern 
factory buildings have as large window areas as possible. While 
this construction increases the effectiveness of daylight, it re¬ 
quires a higher intensity of artificial illumination. This is 
partly because operators accustomed to strong day illumination 
■require relatively strong artificial illumination, and partly be¬ 
cause of the loss of the artificial light through windows. Where 
conditions permit the use of white curtains, much light can be 
reflected back and retained in the room. 

It is well in arranging lamps in a room to favor those parts 
which have the best daylight, because in arranging the work 
the processes requiring the most light are located near windows. 

General and local illumination. There are two principal ways of 
lighting a room; namely, by local illumination and by general 
illumination. Where the former method is followed, a small 
lighting unit is placed at each point where particular illumination 
is required, the remaining parts of the room depending on stray 
light or a low general illumination. For general illumination, 
the room or section is lighted by systematically placed units 
so arranged that all parts receive approximately the same 
illumination. 

Relatively large lighting units are used, depending in size 
upon the dimensions of the room and degree of illumination 
required. 

With general illumination the arrangement of lamps, being 
independent of the detail location of machinery, does not re¬ 
quire change with rearrangement of the work. General ib 
lumination does away with temporary construction £|.nd uut 
sightly drop-cords, and the accompanying high depreciation, 
and, in many cases fire-risk. 

The use of drop-cords among stock shelves is especially to 
be deprecated, pp account of the tendency to put the lamp 
down where there is danger of causing fire. With properly 
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labeled shelves, a permanently installed lamp above the aisle 
will provide necessary illumination. When it is necessary to 
look under the shelves, a hand mirror can be used. 

When lighting processes in an open room, general illumination 
can be used economically where work is concentrated, but where 
there are just a few widely separated points that require light 
the method of local illumination will be the cheaper. The 
choice between the two methods often depends upon the process. 
General illumination give's a softer and better diffused light, but 
will not furnish light in a deep boring as readily as a specially 
placed local lamp. General illumination permits the use of the 
most efficient illuminants, with least wiring and maintenance 
expense. 

Processes. In order that a process may be properly illuminated 
it is necessary that it should be understood by the illuminating 
engineer. He must know how the light is to be used, in order 
to determine intelligently the most desirable intensity, degree of 
diffusion, direction, and color of light. 

In a textile mill, for example, the weave room is more exacting 
in lighting requirements than the spinning and carding rooms. 
Colored goods require more light than white goods. Different 
types of looms have different requirements as to direction of light. 
In high-grade work where there is^ shading of colors, white light 
is demanded. 

A very exacting problem in color lighting was for the process 
of shading of buttons in a large button factory. The manufac¬ 
turer who had built up his reputation on careful workmanship, 
wms sorting buttons in from 14 to 17 shades, when the ordinary 
observer could readily detect only 5 or 6 different shades. After 
experimenting with various so-called white lights, he had practi¬ 
cally pven up the possibility of illuminating this process by 
artificial light. With high amperage direct-current arc lamps, 
equipped with inverted diffusers and large opal outer globes, 
specially placed over the work table, satisfactory results were 
finally obtamed. The problem was complicated by the glossy 
.surfaces of some styles of buttons, which demanded extreme 

diffusion and rifted surfaces of other buttons which demanded 
suitably directed light. 

An interesting intensity problem was presented by a leading 
rifle manufacturer, who was unable to obtain suitable artificial 
illumination on the targets of a 220-yard testing range. Measure¬ 
ments showed that the marksman required 25 to 30 foot-candles 
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for satisfactory work. Daylight int'enstities were running as 
high as 60 or 70 foot-candles, but the artificial illuminants as 
installed were giving only about 6 or 8 foot-candles. An equip¬ 
ment which gave about 33 foot-candles was installed and gave 
immediate satisfaction. Later they decided to eliminate day¬ 
light altogether, as the steadier artificial light gave more uni¬ 
form results. 

In machine shops, general illumination can ordinarily be used 
to good advantage, although some special operations require 
local lighting. Such local lighting is sometimes provided by 
loaning extension lamps to the workmen on check, after the 
practice followed with tools. This practice is often used for 
automatic machinery, where special light is required for set¬ 
ting up, though a low general illumination is suitable for regular 
operation. Ordinary machine-shop work requires about 3 foot- 
candles, though for rough work 1 foot-candle is often satisfac¬ 
tory, while for fine work G or more foot-candles may be required. 

The presence of many overhead belts makes the elimination 
of shadows with general illumination more difficult, and also is 
apt to be destructive to drop-lights. Modem shops use as few 
overhead belts as practicable. 

In a large clothing factory recently completed remarkably 
satisfactory results are being obtained by general illumination 
from tungsten economy diffusers. This suited all processes, the 
number and size of lamps in each diffuser being varied to meet 
the intensity requirements of the different departments. Some 
difficulty was found in seeing the seam at the middle point of a 
sewing machine when working on black cloth. This ordinarily 
would require a local lamp. Preliminary experiments with a 
local reflector for casting a special beam of light at this middle 

point indicate that this form of local lighting can be satisfactorily 
applied. 

In drafting rooms at least 6 foot-candles should be provided 
on the drawing board. The selection between general and local 
illumination depends upon arrangement of the room and other 
conditions. Where local lighting is used lamps should be shaded 
to cut off glare, and if possible located out of the draftsman's 
reach over the table a little to his left. 

Circuits. The circuits for feeding factory lighting are usually 
determined by the central station current available, or the re¬ 
quirements of the electric motors in the plant. Either direct or 
alternating current can be used to equally good advantage for 
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lighting, except that arc lamps do not give a steady light on 25- 
cycle circuits. Wherever possible the voltage of the lighting 
circuit should be between 100 and 125, as the most efficient lamps 
are more readily applied to these voltages. A 220-volt, 3-wire 
circuit is commonly used to good advantage. 

Where motor service is intermittent, affecting the voltage 
regulation of a local circuit, it is desirable to separate the lighting 
and pover circuits as far as possible. In some ’of the largest 
textile mills in New England, where the supply is alternating 
current, the general illumination is provided by means of series 
direct-current arc lamps. This furnishes a white light with re¬ 
markable economy of current consumption and maintenance. 
Series circuits in general, however, should be avoided except when 
they can be safeguarded. 

Careful study is usually warranted in dividing up circuits and 

locating switches to accommodate requirements of particular 
processes. 


Lamps. The lamps available for industrial illumination mav 

be considered under two classes; namely, incandescent and arc 
lamps. 

The principle types are as follows: 


Incandescent 

Carbon. 

Glower. 

Tantalum. 

Tungsten. 




Arc 


Enclosed carbon. 
Intensified carbon. 
Mercury. 


Luminous, magnetite. 
Flame carbon. 


None of these lamps is suitable for all conditions of lighting 
same plant ''''' “ different parts of the 

^“ts, but 

be combmed or grouped so as to form larger units. 

and is econn!i.“T‘^r''^"^ "P®"®" consumption 

portable uniS A f ^“all 

the oJher forL th I 

turiS'SrJ'T >■» in 

8 plants, especially where direct current is available 

liitoSs” c“T.commercial 
p g nd IS nov being extensively adopted in industrial light- 
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ing, especially in textile mills. It is by far the most efficient of 
the incandescent class, and while the maintenance seems high 
in some cases, it is being rapidly reduced with the progress of 
development. Where lamps are protected from excessive vibra¬ 
tion or shock, the tungsten is giving an exceedingly long burning 
life. In choosing between tungsten and tantalum, the cost of 
current and the size of unit desired are usually determining factors. 
Tungsten lamps are used singly or in groups with metal diffusers 
or prism glass reflectors. Where there is considerable building 
vibration, they are provided with spring suspensions. In equip¬ 
ping and arranging lamps thought should be given to determining 
where the light is wanted and what degree of diffusion is re¬ 
quired. Where there are dark ceilings, all upward light is wasted, 
as far as lighting the process is concerned. 

Enclosed-carbon arcs, both direct and alternating current, 
are used to a large extent in industrial lighting. They are 
efficient as large units and have a very low maintenance cost. 
For the higher grades of lighting they are often equipped witli 

diffusers to soften the light and direct it downward at desirable 
angles. 

The intensified enclosed arc lamp is now available for direct- 
current multiple circuits. It is more efficient than the corres¬ 
ponding capacity of the enclosed arc lamp. This lamp and the 

high curient enclosed arc lamp are superior to all others for 
color selection. 

The flajning arc lamp, using the so-called ^^'^ellow carbons, 
after several years use principally as an advertizing light, is 
now being used to a considerable extent for the lighting of 
foundiies, machine shops etc., where the rooms tire higli, a.nd 
vheie it is desirable to hang lamps above the crane. 

The characteristic distribution of this lamp as now built is 
paiticularly adapted to high buildings since the maximum light 
is thrown direetly downward. The light is very powerful, and 
suited for lighting large areas when hung high. When placed 
too low the light would be glaring and inefficiently distributed. 

Future progress. The remarkable developments of the last, 
few years, and the remoteness of ideal efficiency, give promise 
of further development and improvement in illuminants. The 
importance of these developments in cheapening and at the same 
time improving the artificial illumination of industrial processes 
behooves the manufacturer to keep abreast of the times. It 
should be borne ffi mind that the first cost of almost every type 
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of electric lamp is relatively small, as compared with the cost of 
a year’s operation, so that the user can afford to take advantage 
of the developments, even to the extent of throwing out his old 
lamps and putting in new ones at reasonable intervals. 

An estimate recently made in store lighting showed, that by capi¬ 
talizing the saving of the next seven years the storekeeper could 
afford to throw away his present lamps and install a more modem 
type, even if he had to pay about 10 times the market price 
for the new lamps. There are many similar conditions existing 
in the field of industrial illumination. 



A /ajie?' presented at a joint 'jtteeiing of the 
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THE REQUIREMENTS FOR AN INDUCTION MOTOR 
FROM THE USER’S POINT OP VIEW 


BY WALTER B. NYE 


In attempting to discuss this problem I have a natural 
hesitation, owing to my lack of technical knowledge, but I 
nevertheless appreciate that possibly the point of view of that 
large class which pays the bills, and to which the motor is but 
a means to an end, may be of some interest to the designing and 
constructing engineers. 

My experience with induction motors has been mainly in 
sizes ranging from 50 to 500 h. p., running 24 hours a day 
six days a week, and the prime requisite from a manufacturer’s 
point of vew is continuity of operation. I will not say that to 
this everything else must be subordinated, but in any industrial 
plant continuous operation must be maintained. To insure 
this the motor must he of a rugged mechanical design, with 
ample bearings; capable of withstanding reasonable overloads 
for a considerable period without undue heating; accessible 
so that it can be easily cleaned, and, in case of trouble, be 
easily and quickly repaired; and must be able to hang on 
and not pull out, even under great variations in volt¬ 
age. Efficiency, power-factor, and starting torque are all 
worthy of consideration, but are not, to my mind, as important 
as the points above mentioned. 

To secure continuity of operation and ease of repair, form- 
wound impregnated coils should be used. Impregnation of 
coils is suggested because in many industries motors are sub¬ 
jected to moisture, steam, fumes, either acid or alkaline, and dust, 
which may be organic and which by its decomposition affects the 
insulation. Impregnation renders the coils much more immune 
to these conditions. 
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However good the motor may be, sooner or later repairs will 
be necessary, and in that case a form-wound coil is much more 
easily put in place than any other type. Coils should be made 
accurately to size, so there may be no diihculty in placing them 
in the slots, and there should be good mechanical connection 
between coils, as lack of this often leads to open-circuiting. Tt 
is also desirable to have a good terminal board, and preferably 
flat, flexible copper leads, so as to do away with soldered or 
screwed terminal connections. It would also be well to use par¬ 
ticular care in the quality of the insulation on the copper bars 
in the rotor where they pass through the slots, as this would re¬ 
duce the amount of labor in repairs. It is to be hoped that some 
better scheme may be devised for connecting the conductors to 
the outside rings, as bolts corrode, and it is seldom possible to 
remove them without twisting them off, which again occasions 
delay. 

Bearings should be long, well designed, and filled with the best 
quality of babbitt. Great care should be given in designing 
the channels for the oil-rings to travel in, so there may be no 
chance for the rings to catch; and the sight-feed or overflow pipe 
should be piped away from the bearings, so that inspection may 
be given it regularly. 

Shafts should be stiff, and the motor so designed as to permit 
of considerable overhang of the driving pulley. There is a 
tendency on the part of designers to increase the diameter of 
the driving pulley, narrowing the face in order to reduce the 
overhang; but at the speed at which most motors run, these 
large driving pulleys occasion difficulty in getting down to such 
speeds as are common in mill practice. In fact, the motors 
which so far have come under my notice have practically all 
had to be equipped with smaller, wider pulleys than those sent 
with them. This condition might as well be realized, and the 
motor designed for this service. 

My experience has been mainly with a group drive, hence there 
is a chance of continual slow growth in the power requirements, 
and for that reason the motor should be capable of standing 
up to the load, even if in excess of its name-plate rating. A motor, 
therefore, should be designed to stand at least 25 per cent con¬ 
tinuous overload wthout undue heating, and should be so designed 
as to permit of good ventilation and a ready access of the air jet 
in cleaning out. 

Controllers, and particularly switches, should be of the oih 
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immersed type, doing away with fuses, thus meeting the require¬ 
ments both as to fire hazard and to life, by avoiding the exposed 
live parts of the average jaw switch. Experience shows that auto¬ 
transformers for use in connnection with the induction motors 
furnished have almost invariably been too small, and after 
considerable trouble in endeavoring to start the motor, it has 
been necessary to secure larger ones. Designers may well con¬ 
sider this point and be more generous in their provision of capacity 
in these most necessary appurtenances. 

In view of the various suggestions which have been made, the 
motor manufacturer may well say that to meet these conditions 
he will be obliged to increawSe the price of his motor. I believe 
to-day that motors have been re-designed to a point where there 
is almost no margin for the user, and as the motor is but a means 
to secure a desired result, the user can well afford to pay a little 
more for a well designed motor containing some reserve incapacity 
and ability to stand,hard usage, and it will be found to be a paying 
investment in the long run. 

A few words may not be amiss here as to the method of appli¬ 
cation of induction motors to the work in hand. In the business 
in which I am interested (paper manufacturing), we have not 
thought it wise to take up the application of the individual motor 
to the individual machine, although this has been developed 
quite fully by the electrical engineers. We have so far made use 
of group-drives, so arranging the groups as to make use of but a 
few standard sizes of motors, of which we always keep one or two in 
reserve for use in case of emergency. The standard group might 
be said to be that driven by a 100 h. p. motor, of which we have 
twenty, and for which we constantly hold two extra motors in 
reserve, one of them on trucks ready to be hurried to any point 
required. In this way, should anything occur to a motor, it 
can be removed and a new one slipped in its place with the loss 
of but a few moments, and the repairs may be made at the shop at 
leisure. This same practice holds good for all sizes up to 150 
h.p., above which this scheme is not practicable. 
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Discussion on “ The Applicability of Electrical Power 
TO Industrial Establishments ”, “ Central Stations 
vs. Isolated Plants for Textile Mills ”, “ The Supply 
OF Electrical Power for Industrial Establishments 
FROM Central Stations ”, “ Illumination for In¬ 

dustrial Plants ” and “ The Requirements for an 
Induction Motor from the User’s Point of View ”, 
Boston, February 16, 1910. 

J. C. Parker: The first three of the five papers, viz., those by 
Messrs. Jackson, Main and Hale, concern themselves with the 
question of the advantage and disadvantage of concentration 
in the generation of power for industrial establishments. Mr. 
Jackson indicates some of the advantages of concentration 
without, of necessity, indicating the desirability of carrying it 
quite so far as would Mr. Hale’s recommendations which point 
to the generation of power by public utility enterprises exclu¬ 
sively. Mr. Main seems to pursue a middle course • indicating 
that there are limitations to the concentration of powder genera¬ 
tion, while by inference, indicating that in many cases the 
process of concentration may be desirable. While, were the wish 
father to the thought, I should incline to agree wfith Mr. Hale, 
I believe that, as in all matters of human experience, the middle 
course comes nearer to hitting the facts. 

For extreme concentration there are numerous arguments. I 
do not find that any of the gentlemen have emphasized one fea¬ 
ture of the concentration, viz., that of the possibility of securing 
expert skill and refined supervision to insure the maximum ad¬ 
vantage from the refinements in design, which are possible in 
plants whether large or small. Operating refinements, on the 
other hand, are possible only in larger plants. Extreme refine¬ 
ment in engine and boiler efficiencies may be offset ten times over 
by the lack of attention to the loading of the equipment, the 
boiler drafts, etc. A plant of 25,000 or 30,000 h.p., can not 
only employ a higher type of operators but can readily carry 
the burden of a skilled engineer to supervise the operators and 
to systematically investigate the plant economies. 

In the matter of flexibility, I incline to sympathize more with 
Mr. Hale’s view than with that of Mr. Main, as I have had con¬ 
siderable experience negotiating with private plant owners and 
in attempting to indicate to them how they would improve their 
utilization of power with substantial savings. In many such 
cases I have found that the isolated plant is a veritable old man 
of the sea. Public service enterprises nowadays must, without 
exception, dispose of their power on a system which in some 
form or other is a variant of the Doherty system, of a fixed charge 
per kilowatt of maximum demand plus a unit charge per 
kilowatt-hour of energy consumption. The customer of a public 
service plant may, at any time, make improvements in his fac¬ 
tory operation or motive power, whereby his maximum demand 
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may be kept clown or materially reduced, and, therefore, the 
fixed cost for the maximum demand is eliminated from his power 
bills. With a private plant on his hands this could not be done 
nor would it be defensible, since the investment is already 
made and the labor must be paid anyway, and therefore the 
reduction in maximum demand will not throw off anything from 
the fixed costs. Where on the other hand, power is purchased, 
the customer essentially has the advantage of a flexible and 
variable investment charge carried for him by a public service 
enterprise. It may be said that it is to the interest of the owner 
of a private plant in a growing concern to do everything in his 
power to improve his load factor by keeping down the maximum 
demand so as to prevent the necessity for additional investment 
in the power plant as the business grows. This condition, 
however, does not obtain in practice. Seldom in the early 
stages of a business development is it apparent that some 
little trorible in load factor improvement is justifiable, and condi¬ 
tions continue to follow their unrestricted bent, until the capacity 
of the power plant is reached. Then the cost of making changes 
which would improve the load factor has accumulated to such 
o large sum as to be quite prohibitive. The result is that the 
awner is compelled to extend his plant and to again mortgage 
himself to a bad load factor. 

The same considerations apply in the matter of efficiency as 
in the matter of load factor already referred to. A private plant 
owner has, as an inducement to improve the efficiency of his 
power-utilizing machinery or motors, only the coal pile saving, 
which is probably not more than 10 per cent of the actual cost 
of power.' If, on the other hand, he were purchasing his power 
under a satisfactory form of contract from an outside company, 
every per cent of reduction in his bills means reducing his 
maximum demand and his kilowatt-hour consumption alike, 
thereby enabling him to make the cost economy equal to the 
power economy. 

One otlier pliase of tlie matter of flexibility in the use of pur¬ 
chased power is that the owner of a private, plant is unable to 
take advantage of the progress in the development of power 
plant ecpdpment as distinguished from power-utilizing apparatus. 
Improvements have gone on at a rapid rate during the past 20 
years and seem to show no abatement at present. It seems to 
the speaker that were he a power user he would prefer to have 
the opportunity to benefit by all the improvements in the art 
as they come along rather, than to install to-day a plant which 
five years from now would be of an obsolete type. These im¬ 
provements can be made by the public service companies since 
with their multiplicity of units, some of which are always ready 
to be retired from commission, they can make their improvements 
in line with the latest development of the art. 

These Gonsiderations wotild indicate that the manufacturer 
contracting for his power supply, so far from being “ tied up ” 
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to some foreign company, as Mr. Main expresses it, is relieved 
from being' tied up to what may be a bad investment, and is in 
a position to utilize every advance in the machinery peculiar to 
his own process, in motors, and, through the supply company, 
in generating apparatus. - 

The speaker does not seem able to reconcile Mr. Main’s state¬ 
ment that “ the isolated plant does not need to carry a large 
amount of reserve machinery, as it can take chances,” with his 
earlier and more nearly defensible statement that “ economy in 
power costs is not vital where power represents only five or ten 
per cent of the cost of running an enterprise.” Surely for the 
same quality and dependability of service rendered, the isolated 
plaiit must carry a much larger percentage of stand-by equip¬ 
ment than the public service enterprise with its multiplicity of 
units; and economy on this score would hardly accord with the 
cost of a partial shut dowm of the manufactory. 

With one other of Mr. Main’s suggestions the speaker has an 
economic quarrel and that is with reference to the item of de¬ 
preciation. The fact that the cost of powder is, in a manufactur¬ 
ing enterprise, so small a percentage of the value of the product, 
is no reason why every effort should not be expended to secure 
the utmost economy in the power station. Pursuit of this 
philosophy to the logical conclusion would be to multiply by 
twenty each one of the 5-per cent elements entering into the 
value of the finished product and to thereby conclude that the 
manufacturing efficiency was a matter of more or less indif¬ 
ference altogether. A thousand dollars a year saved in the 
power plant is just as good as one thousand dollars a year saved in 
an office, a drafting room, in by-products, or any other way, and 
should be considered on its own merits absolutely irrespective of 
the percentage which it is of the whole. It is true that many 
owners of private plants do view the matter of plant economy 
as Mr. Main suggests, and this is doubtless a result of the fact 
that they are non-expert in the matter of power production and 
probably do not realize the importance of powder plant economies. 
This fact constitutes another argument for the use of purchased 
as against privately generated pov^er and also substantiates the 
alleged flexibility of power purchased. 

The speaker’s personal experience indicates very strongly the 
necessity for stopping centralization much short of what has 
obtained in the past. There is as pointed out by Mr. Main 
a certain class of business which a public service enterprise can 
not possibly hope to secure. Consider for a moment a condition 
which obtains in the centers of our large cities. Hotels have 
an all year and an all day demand for heat. Office buildings 
have an all day demand for heat during at least eight months of 
the year. If supplied with power by a public service company 
they must not only pay^for the fuel burned in the central station, 
for the labor and supplies in a central station and for the power 
and boiler equipment charge, but they must in addition pay for 
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the extra, investment to take care of from 10 to 20 per cent drop 
in the feeders, for the power lost in these feederi. for ?he use 
Ol- expeiiwSive underground mains with franchise taxes thereon, 
but over and above tlie}^ must themselves maintain a nearly 
identical boiler equipment and pay for a nearly identical fuel, 
water, boiler loom labor and boiler room supply expense, which 
effectually puts the public service enterprise without the pale. 

dheie is a coniniercial feature involved also, and tliat is tlie 
fact that the man contem]dating a private plant for such a service 
always under-estimates liis coal consumption whereas, tiie cen¬ 
tral station, company knows wliat its coal consumption is. If 
then we are to talk power purchase to a man w^lio estimates tliat 
he can develop a kilowatt-hour on one and a half to two pounds 

switchboard and supply his by-product heat thereby, 
and if we have to tell hi.m tliat under a power purchase arran^^e- 
ment he will have to pay for, in addition to his coal for heating 
three and a half to four pounds of coal delivered in his buildiiig 
m tlie form of electrical energy, we are practically tripling his 
fuel bill. Of course this is a fallacy on the part’' of the '"man 
talked to, but it is a condition nevertheless whicli all sorts of 
missionary effort fails to eradicate. 

Sonic of thcise considerations have led the concern with wliicli 
Idle speaker is associated to do the very thing whicdi Mr. Hale 
find^s by a process oi Tsductio (id (ihsuTciuyyi to be an argument 
gainst the theoretical advantage of exhaust steam for heating, 
the Rochester Railway & Jviglit Company is at tlie iiresent time 
laying plans for the establishineint of decentralized plants 
thioughout the business and industrial districts of our town. 

I hese plants will consist of comparatively small and inexiiensive 
steam turbine plants interconnected on the exliaust side and 
electrically feeding into our electric net work. This class of 
plants has one signal advantage over the central power plant 
that they cannot possibly demand any expensive condensing 
equipment that, by their very nature, tlicse plants must lie 

One thousand kilowatts of apparatus so 
installed will replace 1,200 kw. of central station equipment and 
even irrespective of the electric feeders which they oliviate 
will cost less than 50 per cent of vdiat the same capacity cost 

extension of tlie central steam plant. 

While ^oroughly appreciating the experience olitained liere- 
tofore and cited iDy Mr. Hale, we cannot fail to recognize the 
principal of logic that any number of failures to prove a certain 
proposition do not actually disprove it. The trouble in the 
past has been that the decentralized plants have gone at the 
thing in a half-hearted way and without one tremendous ad¬ 
vantage vtz interconnection on both the steam and electric 

Sto play*^’"'^^^’ of diversity factor may be called 

®"^^gostion of the possibility of bleeding tlie turbines 
foi live low-pressure steam is a most interesting one and is 
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illuminated by a suggestion made at the Briar Cliff meeting of 
the Association of Edison Electric Illuminating Companies last 
fall, viz., that turbines should be so bled for the purpose of se¬ 
curing the necessary pre-heating of the boiler feed. This the 
speaker understands has been done in some few instances and 
very successfully. The advantage of carrying out this sug¬ 
gestion is much greater in the case of a turbine plant than in 
the case of a reciprocating engine plant, since it permits utilizing, 
in the lower stages of the turbine, steam not needed for heating. 
In the turbine this steam is very effective in the production of 
power, whereas in the reciprocating engine the steam so used is 
operating in the least effective part of the engine cycle, owing to 
the disproportionate friction and engine capacity needed for 
extorting the last few foot-pounds of work from the steam. 

In handling, during the last two years, something like 180 in¬ 
dustrial propositions, involving the examination of many private 
plant schemes, the speaker has found ample confirmation for 
Mr. Hale’s statement as to the habitual under-estimating of the 
cost of isolated plant power. Almost every detail is viewed in the 
light of an unjustifiable optimism. Investment costs such as 
those cited by Mr. Main are seldom recognized by the man ^getting 
up the figures for such plants. Repairs, fuel cost and deprecia¬ 
tion rate are sadly under-estimated. It is to be hoped that some 
day we will have a much larger group of competent engineers 
undertaking consultation work in connection with small plant 
development—men whose experience is broad enough to lead to 
analyses like those by Mr. Main, wdiich while not colored by 
central station prejudice, on the one hand, will be free from the 
predisposition to habitually advise isolated plants in preference 
to purchased power, as a consequence of lack of experience to 
correct a too optimistic system of estimating. 

In closing, the speaker would like to‘say a few words about the 
besetting desire of the central station companies to secure the 
big business. This business is very attractive sentimentally, 
and for advertising purposes it is very excellent, but it is (iues- 
tionable whether the effort so expended is so profitable as the 
effort used to get the smaller business. It is true that central 
station companies have not done enough toward making their 
rate systems logical and favorable to the big plant work, but it 
is questionable whether the big plant is per se cheaper to supply 
than a number of comparatively small plants since a group of large 
customers will have a very small diversity factor while all other • 
expenses of serving them with the exception of the service taps, 
meters and clerical work are practically identical, therefore it 
ensues that the large customers demand, for the same individual 
load factor, a greater equipment per kilowatt-hour than do the 
small ones, w^hose diversity factor may be much larger. 

Charles B. Burleigh: I am inclined to feel that Mr. Jackson 
has touched the key-note of the present power conditions when 
he calls to your attention the effect of the large steam turbine on 
industrial development. 
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It has not been until within the last few years that those have- 
ing in hand the establishment of manufacturing plants requiring 
the use of any considerable amount of power would not have 
sacrificed many other desirable manufacturing advantages to 
secure a location where water-power was available. 

As notable examples of this, one has only to call to mind the 
immense manufacturing establishments located along the banks 
of the Merrimac, Connecticut, Kennebec and other power-supply¬ 
ing waterways of the country. 

Had power in suitable quantity on an equally attractive basis 
been as readily available in the (at that time) large commercial 
centers located on tide-water or near large railroad centers, these 
locations would have undoubtedly been chosen instead of such 
locations as Lawrence, Lowell, Manchester, Holyoke, Lewiston, 
Augusta and many other inland cities so located as to necessitate 
the receipt of raw material and the shipment of their finished 
product over lines where freedom from competition, to say the 
least, did not tend to decrease transportation charges or facilitate 
the immediate movement of goods. 

The last few years, however, have produced marked changes 
in these^ conditions, as stated by Mr. Jackson. The large steam 
turbine plant “ may nearly rival the hydraulic plant in gross 
cost per kilowatt hour of energy delivered at the switchboard.’’ 
In other words, Boston, New York, Chicago, St. Louis and 
hundreds of other large cities throughout the country are to-day 
occupying the same relation to the power consumer as though 
an unlimited, never failing, never varying water supply for power 
were at all times available, and its use for manufacturing pur¬ 
poses was not hampered by any abnormal developmental charge, 
or subject to any excessive depreciation or climatic uncer¬ 
tainties in order to make it available for his purpose. 

These conditions, together with the comparatively recent 
advancement in the design and operation of high-voltage electric 
machinery have not only vastly increased the economical radius 
of both steam and hydraulic developments, but are making 
valuable, water privileges for power purposes which have here¬ 
tofore been considered not worth developing, as well as making 
desirable for manufacturing purposes locations which could not 
previously be considered. 

Due in a large measure to the foregoing conditions, the time 
is fast approaching, if it has not already arrived, when few if any 
mianufacturers having use for power, in large or small quantities, 
within a radius of 10 or even 20 miles of a large power distributing 
plant, can afford to devote the necessary time, energy and capital 
to the production of their own power. 

It is with extreme hesitancy that I limit the present radius 
in the above statement to twenty miles. I am not sure it should 
not be extended to at least 50 miles, and I have no doubt that 
the developments of the next few years will result in lower pro¬ 
duction and transmission costs, which will permit of even further 
economical extension. 
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Consider for a moment what these conditions are capable of 
doing for Fall River, where all of the many thousands of tons of 
coal burned per annum in her immense textile establishments 
have to be carted up hill at an expense of from 30 to 75 cents per 
ton; and also at New Bedford, where notwithstanding the fact 
that it is located on tide-water, over 80 i)er cent of all the fuel 
burned in the city for power purposes is teamed at an average cost 
of some 30 cents per ton; and at Lawrence, Lowell and Holyoke, 
where in each case, a central electric power plant ideally located 
with reference to the most economical utilization of their water- 
powers would not only serve their present available market, but 
would more than double it, and the land now occupied by canals 
would be made available for the location of additional manu¬ 
facturing industries, while the land values and saving in canal 
and water-wheel upkeep would very nearly, if not quite, pay for 
the development, to say nothing of the immense benefit that 
would accrue to the several communities. 

While to-day the power producer and the power consumer are 
practically the only ones actually interested in these conditions 
it will be but a comparatively short time when they will realize 
q.hat a percentage of their public tax is chargeable to the street 
wear and traffic congestion in large cities, incident in a measure 
to the delivery of fuel and removal of ashes, and when the tax 
payer not primarily interested in the production or consumption 
of power begins to realize that he is obliged to contribtite for the 
upkeep of conditions no longer necessary to the prosperity of the 
community, I am inclined to feel that you will see the enactment 
of laws, pertaining to large cities at least, which will make the 
so-called isolated plant less desirable and the central station even 
more attractive. 

Mr. Main in the opening of his paper calls attention to one of 
the most important points in connection with the consideration 
of the isolated plant versus the central station and I can most 
heartily endorse his statements that the cost of power in a 
textile mill, as well as in many other classes of manufactures, is 
but an incident to the ultimate result,'' and that “ a saving of 
10 per cent in the cost of power would represent a saving of not 
over one-half of one per cent in the cost of the product." 

This being an undisputed fact, it is obvious that there are other 
features in connection with the production of power of vastly 
more importance than the cost, and we may disnqiiss this item^ 
of the comparison with the statement that power is available from* 
the large steam turbine or hydraulic central station or isolated 
plant at costs so nearly comparable, and having so little bearing 

on the ultimate results as to be worthy of little or no considera¬ 
tion. 

What then should we consider as the deciding factors? 

Reliability should without question be considered of prime 
importance as the fixed charges in an industrial plant are con¬ 
tinuous and any interruption to, or impairment of production 
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represents the widest and most important variable with regard 
to the earnings on a given investment. 

What, then, may be ^considered the reliability of operation of 
a manufacturing establishment furnishing its own power as com¬ 
pared with one receiving its energy from a central power plant? 

Let us consider first the producing machinery; here there is 
no material difference in either case, and I feel that those in¬ 
terested will concede that motors and the interior wires and 
fittings are as reliable as belts and shafting, which brings us to 
the prime mover in the isolated plant, and the entrance to the 
service from the central station. 

Considering the isolated plants prime mover, I feel that I am 
correct in the statement that no 10 per cent of the manufacturing- 
establishments, large or small, have duplicate prime movers, 
while central power distributing plants have many similar units, 
the overload capacity of a small number of which would be equal 
to the full capacity of any single unit. 

The average isolated power plant being but an incident to the 
main object of the business, is given less attention by the manage¬ 
ment than is similar apparatus in the central plant, where, on the 
uninterrupted economical production of power, w^holly depends 
the success of the object of the investment made, for which reason 
there can be no question in regard to reliability up to this point. 

But,^ you say, the transmission line from the" central station to 
the point of delivery is an item of unreliability not necessary to 
consider in connection with the isolated plant. Let us therefore 
consider the central station location. 

In order to equitably do this, w^e must give some consideration 
to the items of difference between the water and the steam sta¬ 
tion. 

With regard to the reliability of output from the station there 
should be no material difference because if there be any source 
of anticipated unreliability from the water-power, such as high 
or low water, anchor ice, or any interruption to the efficiency, 
we rnay consider that in order to make it commercial it has been 
provided with a steam relay of such capacity as will meet any 
possible contingency. 

The steam station is or should be so located that its source 
of fuel and water supply can under no conditions be interfered 
with, while the hydraulic station must of necessity be located 
with reference to water supply to which the source of fuel 
supply is secondary, in fact the location of the hydraulic station 
is comparable to the old water-operated manufacturing plant in 
which all other considerations in regard to location are subservient 
to the hydraulic conditions. 

The location of the steam operated isolated manufacturing plant 
is selected in accordance with its market, source of supply of raw 
material, ease of shipment, availability of suitable help, and in 
some indUvStries, on account of climatic conditions, or in other 
words, its source of fuel supply is of minor importance. 
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I feel that you will agree with me that the transmission of 
energy by electricity over wires permanently and substantially 
installed,' and not liable to be affected by strikes, hold-ups, 
wash-outs, snow-storms, floods and other natural causes to 
nearly the extent that the transmission of fuel is, demonstrates 
this last item to be fully as, if not more, reliable than the 
other. 

While there are many other items of minor importance em¬ 
phasizing the added reliability of the central station over tlie 
isolated plant, I feel confident that in view of the foregoing you 
will agree v/ith me that the item of reliability is better conserved 
by the central station than by the isolated plant. 

Flexibility is another item worthy of consideration. This 
item is one of admitted superiority of the electrical drive over 
the mechanical drive, and as the central station drive must of 
necessity be electrical, the comparison of this feature can only be 
between the electrically operated isolated plant and the central 
station, and a comparison on this basis is all in favor of the central 
station. 

If a manufacturer wished to operate say 25 per cent of his 
plant over time from an isolated plant, he would do so at ex¬ 
tremely poor efficiency while if supplied from the station, power 
is used at maximum efficiency so far as the consumer is concerned. 

Additions and alterations can be made, without in anyway 
interfering with the continuity of operation, and changes in 
product and capacity have no effect on operating efficiency. 

Less financing for a given output is required, and to revert 
for a moment to the cost item, I can perhaps best illustrate the 
point which I wish to bring to your attention by detailing a recent 
investigation I was privileged to make in this connection. 

A 100,000-spindle print cloth mill was projected and the 
question arose with regard to the source of power. It had been 
considered advisable to equip the property for the electrical 
operation of the producing machinery and the scheme had been 
financed to the extent of some $1,800,000. 

Carefully prepared estimates demonstrated the fact that the 
necessary powder plant would require the expenditure of some 
$225,000 thus leaving $1,575,000 available for the mill and its 
equipment of producing machinery. 

It was further estimated that 100,000 spindles should pro¬ 
duce sufficient yarn to operate 2,400 looms, each producing 90 
yards of cloth per day, having a sale value of cents per yard, 
resulting in a yearly production of $2,260,000 worth of finished 
goods at a manufacturing cost of $1,810,000 when operated from 
its owm power plant, showing a profit of $450,000, or 25 per cent 
profit on the invested capital. 

The operating costs on the power plant included coal at $3.50 
per ton delivered in the coal pocket; 5 per cent depreciation on 
the machinery and 3^ per cent on the buildings. The cost also 
included^5 per cent interest on the power plant investment and 
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on this basis it was estimated that the power cost at the switch¬ 
board would be $22 per h.p. per 300 ten-hour days per year, 
or a total of $66,000 per year for power. 

Figures were obtained from the local steam turbine equipped 
central station, located on tide water and using fuel at a cost of 
$3.20 per ton delivered into the boilers, of 1.5 cents per kw-hr. 

The acceptance of the above proposition permits of the in- 
vestraent of the $225,000 allotted to the power plant in producing 
machinery, and it will be noted from the foregoing figures that 
but 5 per cent was charged against the power plant, w'hile 
25 per cent was shown as the profit on the total invested capital; 
therefore that proportion of the capital invested in producing 
machinery shows much better returns, which is a strong in¬ 
centive for investing the money where it will show the greatest 
profit. 

Contracting with the central station for power and increasing 
the producing machinery incident to the investment of $225,000 
increases the yearly output of the mill 141^ per cent and the sales 
price of the finished goods becomes $2,583,933. 

We would anticipate that our power cost had also increased, 
first due to the fact that we feel that it is costing us more and 
second that we are using more power, due to the fact that we 
have enlarged our mill. 

In the first case we used some 3,000 h.p. and in the second 
case we have apparently used some 3,500 h.p. This is not the 
case, however, as I will attempt to explain. It is a fact that for 
the sake of argument we have increased our producing ma¬ 
chinery to the extent that 500 h.p. additional capacity is 
required to operate it. 

The textile manufacturer will tell you that his mill shows a 
90 per cent load factor on the basis of ten hours operation and for 
the sake of argument we will take this as a basis, for when 
operated from his own plant, it does. 

When operating at a 90 per cent load factor and paying for 
current by meter, however, the meter records the current con¬ 
sumption each instant of operation. In other words, a machine 
stopped and started 60 times a minute, under such conditions 
that the intervals of stoppage just equal the intervals of full load, 
would record on the meter as operating one-half minute at full 
load'. 

Tests made with curve-drawing electric meters, show that the 
power consumption of textile manufacturing processes, with the 
exception of ring spinning, average about one-half of maximum, 
and that the spinning averages about two-thirds of maximum. 
Spinning consumes about 60 per cent of the power required in a 
mill. The central station customer obtains advantage from these 
conditions, which he would not if operating his own power plant, 
because his investment, depreciation, coal-pile and labor are 
not so sensitive as his meter. 

First, if all the machinery in the mill stroked together we would 
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have a load factor when operating by meter of one half of forty 
per cent of 0.90 plus two-thirds of sixty per cent of 0.90, or 
54 per cent, for the entire mill. But all the machinery does not 
sti'oke together, nor does it break joints (so to speak) entirely, 
and this feature is the result of a disputed point between the 
central station operator and the textile manufacturer, the former 
claiming that from his meter readings the textile mill seldom if 
ever shows a better ten hour load factor than 75 per cent while 
the manufacturer insists that an experience of many years has 
shown him a 90 per cent load factor. Again for the sake of 
argument we will admit that they are both right. 

The central station man’s tell-tale (his meter) permits no lost 
motion but records actual conditions, while the manufacturer’s 
tell-tale (his coal pile) is less sensitive in taking advantage of these 
conditions and fails to record them. It is therefore equitable to 
figure on the basis of experience. 

As 3,500 h.p. for 3,000 hours equals 7,835,700 kw-hr., and 75 per 
cent of this equals 5,876,775 kw-hr., which gives at 1.5 cents, 
$88,151. as our total power bill. 

Now what has it cost us to do this? 

1. It has cost us $22,151 per year. 

2. We have sacrificed our independence. 

What have we gained by this sacrifice? 

1. We have increased our production $323,933 per year. 

2. We have a more reliable power supply. 

3. We can devote all our time and energy to our legitimate 
business. 

4. We have no need to worry about the fuel market. 

5. We can make alterations without regard to the power 
plant. 

6. We can run any department overtime at maximum effi¬ 
ciency. 

7. We can change the style of goods without change in our 
power plant. 

8. We can select a location ideal to manufacture without 
regard to power. 

9. We have made $51,809 additional net profit on our in¬ 
vestment. 

10. We have earned 27.8 per cent on $1,800,000 invested 
instead of earning 25 per cent as would have been the case had 
we installed our own power plant. 

If you are disposed, however, to question the position I have 
taken on the load factor, pending more careful investigation of 
the subject, if we use the same load factor of 90 per cent we have 
still increased our profits by $22,405 over the use of the isolated 
plant on the given investment of $1,800,000. 

Second, consider form moment the mill using exhaust steam 
and hot water in preparation work and heating. With regard to 
heating, I believe I am correct in the statement that about 
80 per cent of the heating of textile mills is done when the ma- 
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cliinery is not in operation and this is the case in many other 
classes of manufacture, for which reason the heating can be 
practically eliminated from the consideration so far as the power 
plant is concerned. 

In the most extreme case, named by Mr. Main, of saving to be 
effected by the use of steam as a by-product, the saving is $8.00 
per kw-yr. or some 23.5 per cent. Let us add 23.5 per cent to 
the cost of the power in the mill I have taken as an example, 
under the worst conditions for comparison of 90 per cent ten 
hour load factor where our additional profit due to the use of 
central station power was $22,405 and our power cost was $88,151 
per year. Our increased profit is reduced by $10,715 but we 
still have a profit over our isolated plant operation of $11,690. 

I feel^ that the foregoing figures demonstrate that maximum 
production is the item of paramount importance to the manu¬ 
facturer, wdiich is to a large extent subservient to and dependent 
on reliability and flexibility, all of which are best conserved by 
the central station at costs at least commensurate with the results 
obtained. 

Norman T. Wilcox: In most cases the advantages of using 
exhaust steam where there is a steady use for it the year around 
cannot be successfully questioned, although it should not be 
forgotten that there are some disadvantages in distributing low 
preSwSure steam over considerable areas, such as might be present 
ill the case of the larger mill plants. 

The whole trend of modern development the world over is 
towards centralization. The laws underlying this development 
arc peculiarly applicable to the generation and distribution of 
electric energy for power and other purposes. This must ulti¬ 
mately result in the greater portion of power being generated in 
great, modern central stations. These stations can take ad¬ 
vantage of the larger load factor and greater economy resulting 
from the great diversity of use for power, lighting and other 
purposes. 

When we consider that the larger central stations are already 
growing into wholesale power plants^ that with distributing 
systems complete can be installed for approximately one-third 
the cost per unit of a lighting system only, and that the total 
cost of such a complete system will be as low, probably lower, 
than the average mill plant of even 2,000 to 5,000 kw. capacity, 
we may well pause before spending money for a lot of small 
plants with their relatively much poorer economies. 

On the other hand, it should be clearly borne in mind that 
investment as well as distributing losses for a wholesale modern 
power system will not be more than one-third of those of a light¬ 
ing system only. Then again, the great advances made in the 
art of insulation, manufacture of cables, transformers, etc., make 
it possible for a modern plant of this character to generate and 
distribute current to mill plants with even greater reliability than 
that afforded by the isolated plant. In addition to this, the 
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big central station has the practical advantage of vastly greater 
economy in the cost of generating current, this due to its more 
efficient equipment, better load factor and ability at all times 
to benefit from a highly skilled operating force capable of ^apply¬ 
ing refinements and checks which are necessary to the attainment 
of the best economies. 


Relay 

There are several conclusions in Mr. Main’s paper with which 
I cannot agree. The logic of assuming that no less relay is 
necessary for the 2,000 kw. isolated plant than for the central 
station is very much open to question, as the central station will 
have a much larger plant and more competent force; therefore, 
less chance of interruption to service. The central station will 
require less relay equipment to furnish the same reliability of 
service. Modern central station distributing systems, with a 
13,000-volt underground system, are as reliable as belt drives. 

As most of our mills are not dead, but are progressing and 
growing, and some of them quite rapidly at that, is it not rea¬ 
sonable to assume that by a second year at least, the 2,000-kw. 
plant outlined in the paper will be called upon to put in a third 
1,000-kw. unit, necessitating 25 per cent to 50 per cent addi¬ 
tional investment per kilowatt of capacity? This would make 
the total cost per kilowatt, instead of $105, as in the case of the 
turbine station, $130, or possibly $150 per kilowatt of capacity. 

Depreciation, Etc. 

When it comes to the matter of depreciation and cost for 
equivalent service, I fail to see why more depreciation should be 
charged against the better cared for central station equipnient 
than Would be allowed in the case of the mill plant. If anything, 
rather more depreciation should be charged for the isolated plant 
^ than for the central station equipment. This tends to increase 
the cost of isolated plant supply. In order to meet the competi¬ 
tion of the central station, due to the introduction of modern 
apparatus, the isolated plant must also replace its machinery 
and accept the same or greater depreciation than the central 
station. 

Checks on Plant, Etc. 

As steam is used from a common boiler at all points in the 
mill yard, it is not practical to obtain such operating checks as 
to enable the isolated plant to even approach the net economies 
obtained by the central station with its larger and more eco¬ 
nomical equipment. The superior economies of the modern cen¬ 
tral station are due to constant and close hourly and daily check¬ 
ing, a practical impossibility with the mill plant. Omit this 
checking for ten days and the result is a loss of 10 per cent in the 
plant efficiency. A longer period will materially increase this 
loss. This being the result of experience in the best central 
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stations, what must be the relative efficiency in the mill plant 
where these checks may not be obtained? 

Cost per Kilowatt-year and Kilowatt-hour, and Effect 

QF Load Factor on Price 

Results obtained by a large central station serving textile 
and other industries, this station having several power feeders 
varying from 500 to 1800 kw. capacity in daily use, show on a 
3,000-hour-year basis an average 10-hour load of not to exceed 
85 per cent, and this with all the advantages of diversity factor. 
As this station meters its energy to the customer at the motor 
in comparing services, the 5 per cent dr more loss from customer's 
generator through switchboard and distributing system to the 
motor terminals should be deducted, making the real load 
factor 80 per cent. 

In many plants, this annual 10-hour load factor is not over 
70 per cent or 75 per cent.' Taking the case of the color mill, an 
application of the* 80 per cent load factor would result in the use 
of 2,400 kw., making the rate slightly more than 1.4 cents per 
kw. as compared with the impossible 100 per cent load factor 
assumed with 3,000 kw. annual use and estimated kilowatt-hour 
price of 1.1 cents. This would be approximately correct, as the 
only variable in the kilowatt-year cost would be the slight dif¬ 
ference in cost of fuel for less number of kilowatt-hours, other 
expenses remaining the same. Likewise if the hydraulic power 
at $0,012 per kw-hr. had been figured on a 2,400-kw-hr. per year 
use, instead of 3,000, the kilowatt-year cost for the hydraulic 
power would be $28.80 instead of $36, and the horse power- 
year reduced to $21.60. Similarly, the kilowatt-year cost of 
$36 is reduced to 2,400 kw-hr. X $0,012, = $28.80, and the 
$27 per horse, power is reduced to $21.60. These examples 
illustrate the danger of not clearly distinguishing between terms 
of capacity and actual work done and to be paid for by the 
customer. 

Central station power at a definite price per kilowatt hour 
is a known quantity, not an estimate, and is easily checked from 
day to day, and for each department if desired; but cost of power 
to the isolated plant is an unknown quantity with cost depend¬ 
ing largely on the varying personnel of the mill staff, as well as 
relatively poorer attainable efficiencies and other factors. 

In order to obtain the insurance of service and price incident 
to the supply obtaiiied from a big central station, the mill man 
can well afford to pay 10 per cent more than his estimated cost 
in order to obtain the central station supply. 

In considering the price of the isolated plant and cost per kilo¬ 
watt-year and per kilowatt-hour, load factors should not be 
predicted upon estimates based upon intermittent daily observa¬ 
tions or special tests. If we would avoid disappointment and 
loss we should make the basis of comparison actual yearly 
operating conditions and costs, with their inevitable con- 
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tingencies, including competent supervision. A few careful 
and consistent checks of this kind, if they were possible, would 
reveal that 80 per cent is a remarkably high yearly load factor, 
although it may appear from intermittent observation that the 
load factor is apparently higher. Consequently the kilowatt- 
hour cost of the isolated plant will prove much higher than antici¬ 
pated and generally believed. 

Incidentally, I believe that in the majority of cases our mill 
friends will ultimately realize that the central station will be able 
to furnish current and service which the mill men will be war¬ 
ranted in accepting. 

H. B. Emerson: It is conceded to-day, by practically all who 
have studied into the matter, that the flexibility of electric power, 
places it as the foremost of all operating forces; and the points 
brought out by Professor Jackson’s paper only tend to confirm 
this conclusion. 

The matter of concentration of the generating plant, however, 
I believe must be decided by individual conditions. If the ques¬ 
tion involves only the laying out and building of a strictly new 
plant, then I most heartily favor a single generating station, 
with modern prime movers; also the p)lacing of the manufacturing 
buildings so that the greatest economy can be obtained out .side 
as well as inside the station. This, however, can not always 
be accomplished in old plants; for example, I know of a case 
where the plant has outgrown the original distributing potential 
of its station, where steam was needed in the process of manu¬ 
facture too far away to economically transmit it from the sta¬ 
tion, and where both of these difficulties could be overcome more 
economically by building a second generating station than by 
adding step up transformers and a new steam plant for generating 
only steam for the manufacturing processes. Such cases are 
undoubtedly special, but engineers are destined to encounter 
such special cases, and they require even greater study and care 
in planning for the still further development of the plant, than 
would an entirely new plant, if the owners are to obtain the 
greatest return for the money they expend. 

Central Stations vs. Isolated Plants 

Regarding the question of whether the power should be ob¬ 
tained from a central station or an isolated plant for industrial 
purposes, I believe here, again, we can only decide after we know 
the conditions to be met in the individual plant, as the weight 
of argument will undoubtedly be in favor of the first in some 
cases, and of the second in others. 

Mr. Main’s point regarding use of exhaust steam in certain 
plants is well taken, and in many cases would be a predominant 
factor in deciding for the isolated plant. 

In some plants the cost of power is a small item as compared 
with the other costs of manufacture, but in many ])lants it is a 
leading factor, and whether large or small it is looked after very 
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sharply in an up-to-date plant. No official of a company is going 
to fool himself as regards the costs of one department by trying 
to hide part of them in the costs of another. To-day it is a cold 
business proposition, one mill or factory against another, and if 
a small percentage can be saved in the power department it is 
looked upon just as favorably as though it was saved in another 
department. 

If the central station can make that saving to the owner of 
a plant, any broad minded man will let the station do it; on the 
other hand, the saving must be proved. The manager knows 
what his fuel, labor, supplies, repairs, insurance, etc., cost him, 
and if he finds he can produce his power for one cent per kw-hr., 
he will not pay a central station two cents for it. 

I know of a textile plant generating its own power with tur¬ 
bine-driven generators and using a large percentage of the steam 
from the second stage of the turbine for dye house purposes, 
which is producing its power at less than one cent per kw-hr. 
including proper items for insurance, depreciation and taxes.. 

The figures check those given by Professor Jackson very well 
in toto, but are divided somewhat differently; the fuel cost being 
somewhat greater but the labor cost less. The saving obtained, 
by bleeding the turbine, also compares favorably with the saving 
shown by Mr. Mains’ figures for the use of receiver steam. 

I cannot agree with Mr. Hale’s deduction regarding the use of 
exhaust steam. The methods employed by the central station 
are hardly comparable with those of the manufacturer. The 
central station has had to transmit its exhaust steam a con¬ 
siderable distance, and its use has been governed by parties not 
under their jurisdiction; some days (on account of cold weather) 
they would have a heavy call on their mains, and perhaps a 
few days following very little would be used. The manufacturer 
does not depend on his heating alone to use the exhaust, but has 
processes of manufacture requiring steam at low pressure, and 
the departments employing these processes are placed very near 
the power station and the drips returned to it at fair tempera¬ 
ture. Further, if he did not have this exhaust steam to call 
upon he would have to furnish it from some other and more 
expensive source. 

While I should favor the buying of power from a central sta¬ 
tion that could supply it at less or even at the same figure the 
isolated plant can produce it for I am, yet, to be convinced that 
a broad rule can be set forth to definitely decide the matter. 

Lighting 

I thoroughly agree with Mr. Stickney that the subject of 
industrial lighting deserves a great deal of study. Not only 
different plants require different syvstems of lighting, but the 
various departments of the same plant may require different 
illumination. One point which he did not mention, however, 
is one which was brought to my notice during some recent 
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illuniinatiiig tests in a mill, where it was found that fully as 
much attention had to be given the distribution of the lighting 
units as to the diffusion of light. 

With the same foot-candles in each case, the single tungsten 
drop lamps gave much more satisfactory illumination to the 
operatives than either the intensified arcs or tungsten clusters, 
owing to the better distribution of the light between the ma¬ 
chinery. In other parts of the same mill, the intensified arc 
gave the better satisfaction, and in still other parts the enclosed 
arc was most advantageous. Where color matching was re¬ 
quired, the dioxide vapor lamp was accepted as best adapted for 
the work. 

A manufacturer to-day cannot afford to be without good il¬ 
lumination, for aside from better quality and quantity of light, 
there undoubtedly is a physiological effect upon the operatives 
which is advantageous, and the man who lays out a scheme of 
lighting for a factory must know not only the illuminating power 
of the lamps and their value, but must familiarize himself with 
the processes of manufacture in that plant. 

Motors 

Mr. Nye’s expression of the requirements of an induction 
motor is undoubtedly to the point, but it must not be forgotten 
that the questions of power factor and efficiency must be reckoned 
with, especially in the larger installation, in order to obtain 
continuity of operation in the station as well as in the factory. 

A motor can be too sturdy in many cases when the interest on 
the investment is taken into consideration, and there are two 
sides to the question of how much overload capacity is necessary 
for the manufacturer to provide in his standard motors. A great 
many industrial plants require practically no overload capacity 
in their motors, while others must have a considerable margin 
in the motor to meet the maximum demand required of it. It 
seems,^ therefore, that this question must be decided by the user 
and his engineer, and motors ordered to suit the requirements 
of their factory. Most of the electrical manufacturers of to-day 
have two types of motors, one for the first conditions mentioned 
above, and another type having considerably greater overload 
capacity to meet just the requirements stated as desirable by 
Mr. Nye. By having these two types of motors, better charac¬ 
teristics are obtained for each service than could be obtained if 
a single motor was designed to meet all kinds of service, and 
allows the customer who has the lighter work to obtain his 
motor at a less cost. 

N. W. Dalton In textile mills where the units require little 
power, the superiority of an electric drive admits of no question. 
Some of the conclusions derived from experience with induction 
motors in large plants are herein outlined. .While in special 
cases the individual drive may be installed, with a large number 
of tiny motors, generally the group drive should be used. 
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What principles should govern the number of machines in 
Ga.ch group? 

First, as few different sizes of motors ’should be used as possible. 
Consideration of the requirements in the way of spare motors, 
^^pair parts, switches, wiring, etc., will make this clear. ^ A 
sbiidy of the possible grouping of machinery in the different mills 
C<^*arding, weaving, spinning, etc.) will show that a few motor 
x'a.tings will cover all cases. 

Second, as to motor speed. A large proportion of textile 
xxxachinery is designed to be driven from slow running shafting 
arid it follows that motors should be of moderate speed. The 
argument against this view is answered in every plant where the 
lower speed motors prevail. While speeds near 1000 rev. per 
min. may look right to the purchasing agent, the man who has 
"to drive the slow running main shaft will make good the cost 
of the larger frame if the motor is wound for double the number 
of poles. 

Floor space is too valuable to devote any of it to motor and 
driving belt. Motors should therefore be inverted and bolted to 
is lie ceiling at truss line. 

Third, grouping of machinery should be limited to 50 or 60 h.p. 
Making our motors something under two tons. The reason of 
tsliis limit is ease of handling. These motors can be drawn around 
mills yards on the ordinary wagon or truck. They will go up and 
down on the ordinary elevator without the use of hoisting tackle. 
The writer uses a hand truck for drawing motors around mills. 
This is merely an open plank frame with small cast wheels, the 
opening being large enough so that the frame can be drawn around 
flue motor. The frame is fitted with an iron tripod. From the 
center of the tripod is dropped a threaded hook, while a hand- 
wheel with nut gives the necessary power to lift a two-ton motor 
from the floor, whence it can be easily drawn to its place. 

Larger motors, say four or five tons, must be moved on skids 
with rollers. Some types of older mill floors will not stand this 
ULse and timbers must be laid for rollers, and in some cases shores 
. nsed. 

Spur-geared blocks are most economical of effort. Those of 
one ton rating weigh 80 or 90 pounds so that a man can easily 
place them. A pair will quickly hoist a motor in to place, while 
a. single one furnishes the necessary power for replacing bearings 
and making repairs—^work that does not necessitate lowering 
the motor. Thus by limiting the motor size we can get along 
with less repair apparatus, which is a great consideration in 
emergencies. 

Fourth, while smaller motors than the largest size adopted 
are necessary, motors should in all cases be kept as near the 
largest size as possible. Smaller motors mean danger from 
overloading, due to shafting out of line, hot bearings, and_ other 
nainor troubles. Such things are relatively unimportant in the 
larger sizes. Still, small sizes must be used in textile work where 
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large areas of some kinds of machinery consume but very little 
power. 

Reliability 

While the electric machinery will cause fewer interruptions 
in the production of goods than almost any other part of the 
plant, still a stoppage of a motor or generator causes more atten¬ 
tion than almost any other accident. All efforts towards greater 
reliability will be well spent, as the electric drive still has a 
reputation to acquire and maintain. 

The greatest cause of failure in induction motors lies in the 
starting devices. Immunity from delay is best secured by having 
these entirely separate from the motors. A voltage reducing 
device in the motor leads is to be preferred. In case of failure 
it may be short-circuited and a temporary starter used, until 
repairs can be executed, without delaying production. When 
the starting device is located inside the rotating secondary, 
the matter of repairs may involve a considerable delay. In this 
limited space, and exposed to dirt and careless usage, no system 
of sliding contacts can ever give satisfactory performance. 

The motor with internal starting resistance has a high starting 
torque with low starting current. The resistance of the second¬ 
ary when up to speed is very low, thus giving the motor little 
slip. These are desirable characteristics, but they are out¬ 
weighed by the matter of reliability. The lack of reliability 
seems to be more in the operator than in the motor, for some of 
these motors run several years with no delays whatever. 

The device always furnished for starting is an auto-transformer 
with a double-throw switch. Would it not do to use a cast iron 
grid ^resistance? This is simpler, cheaper, easier to install and 
repair. The starting position should be held by hand against 
spring pressure so that the switch cannot be left in the starting 
position. 

With the oil-immersed switch, it is best to have lock, so that 
the switch can not be thrown to the running point until it is 
first drawn into the starting position. 

For sizes of 100 h.p. or less, and voltages not over 600, aii'- 
break switches are the most satisfactory. The oil switch is 
awkward to install and difficult to inspect. Often it has wood 
mounting and flexible leads. Some wmuld not be safe to operate 
without the oil, so that the oil is a necessary adjunct and not a 
additional safeguard. The oil itself besides being a nuisance 
is often a source of danger, as some grades are very easily ignited 
after standing for some time. The air-brake switch is con¬ 
stantly in sight of the operator and any trouble is seen; while the 
oil switch often gives the first hint of trouble by refusing to work. 
Practically all the troubles of air-break switches are confined to 
burning of contacts and cutting in hinges; minor troubles which 
are easily repaired. 

The air-break switch will prove unsatisfactory if used in sizes 
under 100 amperes capacity from w'ant of mechanical strength, 
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oil 4 f- of higher rating are 

attacCeS^ Thi '°”f' ^ave a quick break 

trntiW^ tV 1^ 11 carefully designed, is apt to give 

tiouble. It should be strong and not interfere with operation 

of the mam switch in case it gets into trouble. Carbon-brej^k 
switches have not proved satisfactory. 

l)iif’?uaV +v,^ snialler sizes do not require any starting device 
but may be thrown directly on the line. The limit of size to 
which this method of starting may be carried depends on the 
connected niaclimery. Too sudden acceleration is destructive 
■o^belting. In general, textile machinery is disconnected from 

^ accelerating, so that the starting 

torque required is light. 

tronw/'^Td f ^0 bearing 

trouble The bearing metal is babbitt except in .smaller sizes 

where bronze is sometimes used. Experience with bronze 

demonstrates that it is very unsatisfactory. Where babbitt is 

should be sufficient to allow for the starting 
of the metal before the rotor strikes the primary. The smoke 
when the babbitt runs will attract the attention of the atteiSan? 

Thp 1 H stopped before the laminations strike, 

ductom^^^ sometimes shift cutting the insulation of con- 

prevented liy fuses or safety 
die fnH- A 1 ‘^^'S-encies of service are such that this is rarel^ 

id h f than a little care 

protection against destructive over- 
loads lies in the use of a portable, ammeter and the exercise of 

shmild'^T^'^ vigilence by the electrical department. Motors 

S w V n ° reasonable overloads, and the 

Uhayioi ot those overloaded sliould be watched to ascertain 
the ettect on temperature. In the factory where the writer has 

single motor has been lost by destruction of wind¬ 
ups, except where laminations shifted due to bearing failure 

U Ventilating slots through the iron 

'S “ell- nffi promptly plugged by flyings, 

if r.R fr '^1 huiulred or more motors is no small task and 
il iett lor nights and Sundays will not be done. The only solu- 

sWIrf 1^^ *°i^® running. The rotating parts 

designed that the air blast will clean them when 
otor IS woikiiig. I his is not universally the case with the 

motors now furnished. 

so “fa motor should be designed 

of fiio 11 pc leplaced in case of failure without the removal 
enri « PubeT- 1 ulleys have a way of rusting fast to the shaft 
requiring some time to effect their removal. On some of the 
jailer motors an opposite effect has been noted. The pulleys 

rsf^n 'i*?^ key-seat in the shaft. A more liberal 

at Sign 01 shaft and key is neecled. 

If paper pulleys are used they should have metal hubs. The 
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variety having a piece of metal inserted to hold key will not 
stand up in hard service. 

Lighting 

Mills where a large proportion of the help consists of women 
operate from 7 a.m. to 6 p.m. only. The lighting hours aie few 
in the year, but the lighting must be ample. We are practically 
confined to the carbon filament lamp, for the problem is to keep 
down the first cost of the installation. On alternating-current 
circuits the enclosed arc lamp with proper globes and diffusers 
gives so little illumination as to be out of the question, the 
tantalum lamp has no length of life and the tungsten lamp is too 
delicate and costs too much. In certain places where the cost of 
power enters, due to the necessity of burning lamp for long hours, 
27 volt tungsten lamps are fairly satisfactory although in some 
instances they blacken very quickly. 

Local lighting, inherited from gas lighting days, seems to be 
the desire of the mill from the office to the machine hand. 
General illumination has to be demonstrated before it will be 
accepted. In general this is the better form, but not universally. 
In some mills a compromise form has to be adopted. 

In calculations of lighting, a certain, or rather uncertain, 
factor is introduced by the character of the flyings that collect 
on the lamps. In a spinning room for instance the wool flyings 
are easily cleaned from lamps and full illuminating power is 
secured. Where the flyings carry certain amounts of dyestuffs 
and starch, allowance must be made, as the labor of cleaning 
and the inconvenience caused thereby amount to more than the 
excess of power necessary to bring the lighting up to standard. 

Running boards with wires cleated to them should never be 
used. Drops of incandescent lamp cord are a nuisance and should 
be done away with wherever possible. They should never be 
placed in a card room nor used to light Axminster looms. They 
are successful in spinning and drawing rooms. 

Clusters of a cheap variety are the best solution for mill 
lighting. They should have heavy galvanized iron shades. 
The leads are protected by being carried down the iron pipe 
support. The shades receive the blows of ladders, poles and 
other long objects carried around mills and save the lamps from 
destruction. Where the machinery is of a class to transmit little 
vibration to the building, clusters may be rigidly secured. 
Some classes of machinery will cause the building to vibrate, 
no matter how heavily built. Under these circumstances it is 
necessary to hang cluster stems from a hook. 

Three phase circuits are best for power, but for lighting, the 
matter of balancing is a nuisance. If we are confined to 125- 
volt lamps, the amount of copper in a mill 1000 feet is rather 
large. The best distribution appears to be a geometrical ar¬ 
rangement of 250-volt three-wire circuits. By arranging two 
single-phase circuits in quadrature and alternating each bent 
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on the 250-volt circuit there is not the least trouble in keeping 
the sides of the three-wire system balanced and the circuits will 
balance on the three-phase sides. This easily acquired balance 
continues through the many changes in lighting that a growing 
plant affords. 

H. W. Peck: These papers are much more general than I 
would wish. We need data regarding actual facts obtained, 
giving good, bad, and average performance, especially the last 
for the sake of the manager or investor. It is noticeable in 
both Mr. Jackson’s and Mr. Main’s papers that they give practi¬ 
cally the best performance of the machinery which they are 
discussing, and state this fact, but they do not state what they 
have found to be, or believe to be, average performance, e.g., 
Mr. Jackson says, “ The cost is probably fully that large,” and 
again, “ The cost is ordinarily much higher ” 

I would suggest also that in discussions of this kind the cost 
and other items regarding performance be reduced to the basis 
of the kilowatt-hour. It is conceded by the authors that elec¬ 
trical distribution of power is most general, so that this basis 
will apply in the majority of cases. If the plant is so small, 
simple and compact as to make mechanical distribution a possi¬ 
bility—and investigation shows it has advantages—a correction 
factor due to these advantages can readily be applied to the de¬ 
termined cost of electric power at the switchboard. Thus Mr. 
Jackson’s “ Round estimate of the cost of power in machine 
shops and the like is $60 per h.p.-yr.” becomes 3 cents per kw-hr. 
His costs of 0.65 cents and 1 cent per i.h.p. per hr., which he 
increases by 50 per cent for mechanical distribution, can with 
equal correctness be increased by from 50 to 70 per cent to^ give 
the cost per kilowatt-hour at the switchboard, thus enabling a 
direct comparison with central station power. Similarly, Mr. 
Main’s figures for pounds of coal per horse power per hour in¬ 
crease from 1.75 and 3, to about 2.95 and 5.05 lb. per kw-hr. 
at the switchboard. The performance given on the basis of the 
indicated horse power per hour can be changed to a basis of 
a kilowatt-hour by multiplying by a factor between 1.55 and 
1.7, the former for large units of, say, 1000 kw. capacity, and the 
other for smaller units of about 100 kw. capacity. 

I would take exception to several matters in these papers as 
a general proposition, applying to textile mills, or to_ any other 
industrial establishment; in the first place, to the position taken 
that reliability is of secondary importance, and that no spare 
units should be considered necessary for an industrial establish¬ 
ment. This is certainly far more important for a small plant 
with only one or two units which would be very seriously crippled 
by the breakdown of one unit, than for a large central station 
with so many units that the load of ^ any one could easily be 
carried by the remaining units. This gives a real factor of 
reliability without cost additional to what would be determined 
by good engineering practice as regards the amount of load 
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it • 1 1 r nvjohine Likewise, if the power is as 

normally carried by each , business of an 

small it seems poor judgment to skimp on 

industrial establishment, 1 ce4ation of the other 95 

the Both gentlemen concede the increased 

per cent of the business. T have in mind two com- 

Reliability of the thR ~et for break 

SriSinorthe 

SepRiathe^ 

X So, r“ iTl-S™ 

STaSlttese plmts witijii, such close limits of the 'i; 

quirements. In my experience wiUi mdustiial J, 


factor considered over several ytiaib - 

!S fkrtors given in these papers. In our “ 

lio-hting of the establishments amounts to froni I ) to -) pu tent, 
oftheLwer requirements, and is of use for but short. iiciukIs 
T his decreases the load factor much below that given m the 

^Xi!' brings to mind another advantage wliich the cmitral 
station nossesses. Its growth has been steady but giadiial and 
it has had the opportunity of making its additional equipment 
of the most modem type. This most elticient equipnient caii .le 
used at the average load for the long-hour use wlnle Ih- less 
efficient and less valuable machines are operated lor tlie peak load. 

Neither paper considers the item of proht whicli^ should lie 
earned on the power plant investment and operating capital 
to the same extent that it is earned on the restol the investment 
—possibly 10 per cent; possibly 20 per cent; or at least to tin; 
extent of the central station profit, say 5 per cent. _ Mr. Mam 
also passes over very lightly the matter ol supervision on the 
part of the manager. I have found that the managers are re¬ 
quired to expend considerable of their time and thought on the 
power problem. These managers are experts in business matters 
but are not engineers, and their time is expended to small ad¬ 
vantage in power questions. In one ol the case.s c.ilcd aliovc, 
where the breakdown service was so expensive, the maiiagci 
said that he had spent about two-thirds of his time in connec¬ 
tion with his plant. 

As to the division of central station costs mentioned liy Mr. 
Main, I would say that the production cost is about one-half; 
the distribution about one-third; and the general expenses, 
including advertising and commercial expenses, about one-sixth. 
In the specific case of the smallest customers who use just 
enough power to pay the minimum charge of one dollar, the 
central station companies certainly do lose money, e.g., with an 
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8 cent kw-hr. rate for current, and a one-dollar-per-month 
minimum charge, the cost of maintaining and reading the 
meter, billing, and collecting, amounts to slightly over one dollar, 
while the 12i kw-hr. may not represent more than 25 cents. 
For a large customer the meter costs are, of course, practically a 
negligible part of the total expense. 

I have yet to find any industrial establishment that knows 
even within approximate limits the cost of its power, either in 
toto, or per unit. Such costs were recently promised me by one 
establishment, with the assurance that they had them exactly, 
and that it would be a simple matter to take them from the books 
in shape for me to use. They have since told me that it will 
mean several months’ work to get tliis data, as they were quite 
surprised, at the manner in which the costs had been entered. 
In this particular place they had a watthour meter on the switch¬ 
board, which in itself is quite unusual. Where they have not 
tills means of knowing the amount of power generated the actual 
amount is almost invariably over-estimated. 

R. D. De Wolf: In the article by Mr. Hale the writer has reached 
certain conclusions in regard to the use of decentralized plants, 
basing these conclusions on the experience met with under cer¬ 
tain commercial and operating conditions. It should also be 
noted that the small plants abandoned by the Edison Pdectric 
Illuminating Company of Boston were not so situated that use 
could be made of the exhaust steam from the plants. As 
pointed out in Mr. Main’s article, the mill which can use all of the 
waste products from the power plant will have the lowest cost; 
and this same condition exists when the power plant is operated 
by a central station company and that company is in a position 
to sell its waste products. 

There are several conditions existing which make the operation 
of a decentralized heating and power plant p)articularly attrac¬ 
tive. In plants of this type the operating conditions are de¬ 
termined not by a widely fluctuating electrical load, but by a 
fairly steady heating load. The heavy overloads met with in 
operating generating stations, lasting from one-half hour to an 
liour or two, are not encountered when the primary purpose of 
the plant is to supply steam for heating. On account of this 
great improvement in the load factor on a plant it is unnecessary 
to carry large reserve powder units for peak loads, and the plant 
can be operated at or near its point of maximum efficiency the 
greater part of the time. As the plant is necessarily a non- 
densing plant, complicated auxiliary apparatus is dispensed with, 
and a simple type of machinery installed which can be operated 
by comparatively unskilled labor and requires less attendance. 
Automatic features can be included in the design of the in¬ 
stallation, so that the plant can be operated with the minimum 
amount of labor per unit of output. In other words, the labor 
can be used as efficiently in a medium sized, plant of this type 
as the higher grade labor is used in a much larger condensing 
plant. 
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When the plant can be so located as to handle a group of build¬ 
ings of a diversified character, such, for instance, as a department 
store, a hotel, a theatre, an office building, and a manufacturing 
plant, the diversity factor of the steam load will be such that the 
resultant load on the plant will have only a comparative!}^ small 
variation. 


The type of apparatus installed in a plant of this character, 
as pointed out in Mr. Parker’s remarks, will be comparative!}^ 
simple and inexpensive. Complicated condensing apparatus will 
not be required, and there will be a corresponding saving in 
operating expense, due not only to decreased interest and de¬ 
preciation charges, but to decreased repairs and supplies. With 
a^plant of this character installed in the business district, where 
250-volt direct current distributing systems ai'e used, the high 
installation cost of a feeder from the distant central station is 
done away with, and the accompanying line losses saved. In 
estimating on^ a recent proposal I found that the approximate 
cost of installing a 500-h.p. non-condensing plant under such 
conditions was $25,000; while the cost of a duplicate plant at the 
central station about one-half mile away, together with the feeder 
cables,^ amounted to $94,000. Under these conditions the total 
operating cost and fixed charges of the non-condensing sta¬ 
tion per year was $22,590, and of the condensing station 
and distributing system was $25,790. The fixed charges in each 
case were $3,050 and $13,250. 

These decentralized plants effect the distribution charges in 
two ways; first, the steam distributing cost; and second, the 
electrical distributing cost. 

.The advantages accruing under the heading of steam dis¬ 
tributing costs are as follows: 

1. Cost of distributing system is less, consequently fixed 
charges depreciation charges, and repairs are less. 

2. Better distribution and better service can be given as the 
distance to which steam is transmitted will not be great. 

3. Condensation in the distributing system will be less, and 
the amount of condensed water in the mains which has to be 
taken care of will be correspondingly less. 

4. ^ The system as a whole can be made more flexible by means 
of tie lines between the different stations, or between the dif¬ 
ferent distributing mains. 

1 customer toward the use of steam can be 

^ eci e y influenced, due to the fact that the steam is generated 

point at which it is required, rather 

n eing generated at some distant point and transmitted with 

temperature and increased percentage of 
moisture in the steam. ^ 


cost is greatly decreased as pointed 

to the elimination of expensive transmission lines, 
expensive generating units, etc. 

The operation of plants of this character will enable the central 
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station company to operate certain of its plants under those 
conditions which Mr. Main has found to be most economical for 
textile mills, i.e., use can be made of all the waste products of 
the plant. I think that the manufacturer can be shown that the 
value of power and of these waste products to him are much more 
important than the five per cent value given by Mr. Main. If 
the cost of power is five per cent of the value of the product, this 
value being necessarily the selling price, then under average 
manufacturing conditions the factory cost of the product 
will not be more than 50 per cent of this selling price, and the 
power would then become 10 per cent of the factory cost. 
Furthermore, the cost of raw material entering into the product 
would probably form at least 50 per cent of the factory cost, 
and therefore the power forms 20 per cent of the manufacturing 
cost. Any economy which the manufacturer can make in his 
cost of power will, therefore, be an important item in his total 
cost of manufacture. When the central station is in a position 
to supply the manufacturer with all his requisite power, heat, 
and light, it can effect economies for him which would otherwise 
be absolutely impossible. 

Referring to Mr. Parker’s remarks in regard to the central 
station companies securing large business, it should be noted 
that they have not only been hampered in this, but that the 
profits which they could make from such a transaction have been 
limited to the profits accruing from the sale of power alone. 
When these large users can be supplied with the necessary steam, 
an additional source of profit will be introduced; and whereas 
the central station may have formerly been carrying a load of 
this character purely for its sentimental and advertising value, 
when the heat is supplied in addition, the load will become a 
profitable one. 

In closing, I would like to point out one further advantage 
which the central station company has in handling business of 
this character. W^hen a given manufacturer, whom we may call 
A, happens to be operating under conditions such that the 
exhaust steam from the generating apparatus required to furnisli 
him his necessaiy light and power is just sufficient to give him 
the necessary heat and low pressure steam for industrial pur¬ 
poses, he will be operating under his most economical conditions, 
i.e,, the ratio between his light and power load and his heating 
load is one. Flis neighbor B may be operating under conditions 
such that this ratio is one-half; another neighbor, C, under 
conditions such that this ratio is IJ. The central station can 
combine these loads, furnish A with his total requirements at 
his old cost, or somewhat less, and make a considerable saving 
for both B and C. Inyhis way, by using a sliding rate which 
will vary with the steam consumption and the ratio, the manu¬ 
facturer will be enabled to effect an economy for himself by so 
arranging his processes of manufacture, etc., as to bring about the 
most economical operating condition for the central station. 
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Albert L. Pearson: Regarding motors, I agree in general with 
Mr. Nye as to the requirements which he has set forth for an 
induction motor, but feel that one or two points should be given 
further consideration. 

The motor should have a high efficiency, particularly in in¬ 
stallations where power is purchased. One per cent difference 
on a group of ten 100-h.p. machines means 10 h.p., the value of 
which is an appreciable amount to be added to or deducted from 
the power bill. 

The power factor should be as high as possible, as the voltage 
regulation of the system is better, and in the case of a large in¬ 
stallation considerable saving in copper may be made. An 
installation of induction motors, recently completed, shows one 
of the values of high power factor. The power company requires 
this to be maintained at 90 per cent at its measuring instruments; 
for anything under this it makes quite an additional charge. 
In this particular case a rotary condenser is used. Such a ma¬ 
chine is fairly desirable provided about 70 per cent of its kilo¬ 
volt-ampere rating can be turned into mechanical energy. In 
any case it is a much more troublesome machine than an in¬ 
duction motor, owing to complications of exciter, methods of 
starting, etc. The curves of efficiency and power factor should 
be as flat as possible to ensure the most economical operation at 
all loads, say from 50 per cent to 125 per cent. 

The slip, or difference between synchronous and full load 
speed, should be small to insure, as nearly as possible, constant 
speed at the machines at all times. This is of special value in 
textile plants where one^ motor is used for driving four spinning’ 
frames, and in group drives for looms where close speed regula¬ 
tion is not only desirable but often necessary. This same thing 
applies to a group drive for spinning frames, but probably is not 
01 so much importance as for the four-frame drives. In the case 
of individual drives this does not count for so much, as the driv¬ 
ing par will be pranged to meet the full-load speed of the motor. 

Ihe air gp should be reasonably large so that the motor will 
lequire a minimum amount of attention at this |)oint. A small 
gap unless carefully watched, is very apt to cause considerable 
annojance from rubbing. The ventilation should be good and 
pe ducts etc., so arranged as to facilitate cleaning, 'it is dc- 

waterproof and the terminals enclosed, 
2,s opening and picker rooms, so that all of the 
contents of a machine may be run out in case of fire. 

capacity greater than the 
pandard two-hour rating is not necessary. The cost of a ratinv 

of 2o per cent overload continuously is an unnecessarv invest 
nienfr ^ Unless the design is such that efficILcrand pSr 
are their best at 80 per cent of their maximum rSngThe St 
of^pdinary operation, there will be a continuous and uAnecessary 

Regarding the application of motors, there is no question as 
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to the advantages resulting from individual drives, such as 
cleanliness from absence of overhead belting and shafting, im¬ 
provement in illumination, decrease in cost of power, etc. In 
equipping a plant with electrical drives care should be taken 
that it is not “ overmotored as such a condition is sure to result 
in poor voltage regulation and generally unsatisfactory operation. 
It is often desirable to make tests after installing motors to make 
sure that proper machines have been selected. This applies 
more to the equipping of old plants where the power required is 
often questionable, than to new installations. 

The power supply for industrial plants should never be at less 
than 5;)0 volts, three-phase, 60 cycles, and very satisfactory re¬ 
sults are being obtained_ from 2,0S0-volt motors above 20- or 
25-h.p. sizes. Possibly, in the case of individual drives, where 
motors smaller than one horse power are used, better results 
may be obtained from 220 volts. 

In a motor-driven plant the wiring takes the place of shafting 
in a mechanically driven one. This should be installed in a 
thoroughly first-class manner, protected from injury and so 
arranged that the voltage at the motor will never be lower than 
that at which it is rated. Fuses should never be used except cm 
very small sizes of motors. Air-break switches should never be 
used.^ Oil switches should be as simple as possible. Current- 
carrying parts should be liberal, and contacts so arranged as to 
be easily renewed. 


The first cost of motors and starting devices is too often the 
first consideration, rather tlian reliability and future operating 
costs. While the first cost of equipping a textile plant with 
motor drive may be'more than for direct mechanical drive from 


a steam engine, this is more than offset by the reduced cost of 
maintenance and the convenience in operation. This is true for 
synchronous motors as well as induction motors, for a large 
number of mills in the South have been equipped w'itli these 
machines using a rope drive the same as for a steam engine. 

H. D. James (by letter): The papers this evening discuss the 
development of electric ])ower for industrial purpOvSes, but liave 
veiy little to say about the adaptation of this power to industi’ial 
machinery, hor years we liave had electrical power available, 
we have recognized the advantages of a motor drive for smoothing 
out the load curve; then why is it that we did not long ago de¬ 
velop this market for power? 

The writer believes that this development was retarded; 
first by the improper application of motors. Attempts were 
made to utilize any motor for industrial purposes provided it 
had the proper characteristics for the electrical power supply. 
Tests were not made to determine the amount and duration of 
the load. Often the motor was applied without the designing 
engineers having any knowledge of the conditions under which 
the motor was to operate. 

Second, the commercial controllers available were unvSuitable 
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for the service and few engineers were making a specialty of 
this design. The few controller engineers were not associated 
with the men designing the motors- so that there was no 
mutual adjusting of the apparatus to suit industrial condi¬ 
tions, although at that time the railway field was well developed. 

Third, central station managers were making little effort to 
advise their customers what applications were advisable and 
assisting them to get satisfactory results. 

About five years ago systematic efforts were begun to investi¬ 
gate this field. Where motor drives were not satisfactory, tests 
were made to determine the actual characteristics of the load. 
The conditions surrounding the motor were noted; the method 
of connecting the motor to the load was studied. Experiments 
were made to develop the best method for controlling the motor 
for each individual application. This led manufacturers to 
bring out special motors having the proper electrical and me¬ 
chanical features to suit particular applications, and capable of 
satisfactory control. 

The controller problem, however, shows the most marked de¬ 
velopment. The hand-operated controllers have been sim¬ 
plified and made more serviceable. A rapidly increasing line of 
automatic controllers has been placed on the market. We have 
developed electrical devices to replace the human brain in the 
operation of motors. The motor has been made to execute a 
complicated cycle of operation by means of a small master 
switch or push button. These controllers, although seemingly 
complicated are remarkably substantial and easily kept in re¬ 
pair. 

There are few drives to which an electric motor cannot be 
applied profitably if the application is made by a competent 
engineer. Unfortunately, the number of engineers competent 
to develop new applications of electric motors is limited. This 
condition of affairs is largely due to the fact that many engineers 
do not realize the importance of investigating these applications. 
A few of the large industries have developed a corps of electrical 
engineers who have given their whole attention to motor applica¬ 
tions. These industries have made rapid strides in electrical 
development, but unfortunately for the central station, these 
large corporations have their own power plants. 

To make the greatest profit on their investment the central 
station's must investigate motor applications, either by using the 
experts trained by large motor manufacturers or else by de¬ 
veloping their own corps of experts. 

Two articles in the February 1910 issue of the Electric Journal 
'give instances of each of the above cases. Consulting engineers 
'«*would do well to retain controller experts capable of devising 
special apparatus when necessary, or applying standard controllers 
to special cases with more intelligence than is often displayed. 
The many cases of dissatisfaction with motors and controllers 
which have come to the writer’s attention during the last few 
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years, have generally been due to lack of exact information at 
the time the apparatus was ordered. It is impossible to extend 
the use of motor drive unless the customer is satisfied. No 
matter who is to blame for the trouble, the central station is the 
loser. The elaboration of central station practice and ad¬ 
vantages is of no avail unless we have a market for the power, 
and motor driving is considered by all as a very desirable element 
of the load. 

Begin with the machine the motor drives and work back to 
the central station. Furnish the customer with power in the 
form best suited to his uses. If his machinery requires direct 
current motors, transform your power to direct current; perhaps 
a synchronous motor will improve your line characteristics. Do 
not try to ram an induction motor down his throat ” to save 
your investment in converting apparatus. A failure at one 
place may prejudice the local trade against the induction motor 
and prevent its use at another place where it is the best motor for 
the vService. It is not enough to furnish a motor that will turn 
over. We must use a motor that can be successfully controlled 
and then see that the customer has the proper control and is 
instructed how to use it. 

C. A. Graves (by letter): Mr. Main states that the chief items 
of cost in textile mills are material and labor. Such mills, 
therefore, should locate in or near cities where cheap labor can 
be obtained instead of locations where cheap power can be ob¬ 
tained. Also the mill owners should welcome every improvement 
which will give steady uniform power, as this means increased 
output without increased labor cost. 

It has been demonstrated in numerous instances that central 
station service, because of its more uniform voltage and fre¬ 
quency, has increased the output in various industries. There¬ 
fore owners should be willing to pay for the power which enables 
them to obtain this increased output. Central stations, because 
of their reserve equipment and duplicate distribution line, can 
guarantee continuous service, as is done by the Brooklyn and 
New York companies in their contract with New York City. 

Mr. Hale expresses the situation very well when he says that 
central stations have no cheap unreliable power for sale. 

Regarding the question of load factor, textile mills, I am in¬ 
formed, do not run ten hours per day, every working day in the 
year, but are shut down about two weeks for inventory and re¬ 
pairs and. often Saturday afternoons in the summer time. An¬ 
other point; curve drawing wattmeters which have been in 7 
stalled on the switchboards of various industries show that the 
hands do not start working until 7:30 and that the best work, or 
the most povrer taken is between 10 o’clock and 11 o’clock. After 
that time, the load gradually falls off until noon. The same thing 
happens in the afternoon, except that the load seldom goes as 
high as in the morning. These facts, then, when taken into 
account, bring the load factor of the mill below that of large 
central stations. 
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The basis of figuring cost of power at $33, per kw-hr. of 
capacity of plant is not an accurate method, as most plants h^ve 
a capacity larger than their average load, and some few will run 
overload part of the time. The proper basis is the maximurr^ 

load. r 

Let me give an illustration. One of the recent customers ox 

the Brooklyn Edison Company with a 500-h.p. installation, who 
was selling power to one of his tenants for $50 per h.p-yr., taking 
the rated horse power of the motors as a basis, found upon in¬ 
stalling a wattmeter, that he was receiving H cents per kw-hr., 
for the current, besides furnishing motors. Another extreme 
case which came to my notice was that of a man selling power 
at $60 per h.p-yr. for a 10-h.p. motor when the wattmeter showed 
he was charging at the rate of 20 cents per kw-hr. If these 
tenants had been charged on the basis of their maximum demand 
and the current consumption, the charges would have been more 
just. With the accurate measuring instruments used in the 
sale of electric current, the old terms employed have to be 
more accurately defined. 

J. H. Gardiner (by letter): Mr. Stickney’s paper is evidently 
intended to be but a brief review of the question of industrial 
lighting and to touch only the salient points of a very compre¬ 
hensive subject. It contains much excellent information ad¬ 
mirably condensed. The recommendation of general, as opposed 
to strictly local illumination, is undoubtedly correct from both a 
physiological and a practical standpoint, and accords with the 
best modem practice. 

In the paragraph treating of lamps, however, it seems as 
though a brief statement in reference to the Nernst glower lamp 
might well have been made in view of the peculiar adaptability 
of this type of lamp to industrial lighting. The features which 
commend it particularly for this work are its ruggedness, the 
natural downward distribution of the unit, thus obviating the 
necessity of reflecting glassware which is always troublesome in am 
industrial establishment; and most important of all, the low 
maintenance cost. Maintenance cost becomes the preponder¬ 
ating factor in the total, where the cost of electrical energy is a.s 
low as in the case of large industrial installations, and is often 
the determining one when the choice of high efficiency systems 
is considered. 

H. D. Jackson (by letter): Mr. Hales' paper was entirely 
from the central station man's point of view, and does not take 
into consideration the conditions governing power cost in most 
industrial plants. In the first place, there is ,no inherent reasom 
why an industrial power plant of fair size should not produce 
power approximately as cheap as the central station even of 
large size. The power plant of an industrial establishment cam, 
if necessary, be built with all of the refinements used in the 
central station, and the operating cost of the plant made very 
low, nearly as low.as the central station, the only difference being 
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the slight gain in economy of large units over moderate sized 
units, so that as far as operating expenses go, there is no reason 
why the smaller plant should suffer materially in comparison 
with the larger. 

As a rule, the fixed charges against the industrial plant would 
not be greater than against the central plant, as the industrial 
plant would not be duplicated, whereas the central station plant 
would have to use extra apparatus in order to preserve con¬ 
tinuity of service. This being the case, the cost of power in¬ 
cluding all charges, fixed and operating, of the two plants situated 
in the same locality and under the same conditions, would not 
vary materially. 

The above is based on both plants being operated under the 
same conditions as regards load factor. It is a fact, however, 
that the central station load factor is very much lower than that 
of the industrial plant, and the load of the central station far 
more fluctuating. It is well recognized that a low power factor 
or a fluctuating load increases to a considerable extent the power 
cost. This being the case, the difference in the power cost be¬ 
tween the two stations would be materially diminished. In 
some cases this may be to a certain extent offset by the shutting- 
down period of the industrial plant. This, however, would not 
influence conditions to a very great extent, as the central station 
has periods of this character also, although shorter in duration 
and not complete shutdowns. 

The industrial plant is not as a rule as well located for pro¬ 
ducing pow'er as the central station, so that an increase to the 
power cost must be made due to increased cost of fuel, etc., 
in the industrial plant’s location. On the other hand, when the 
total cost of power at the industrial plant swdtchboard is figured, 
that is the end of the power cost when generated by the plant 
itself; whereas this point at the central station is only the first 
step. The power in this case has yet to be delivered to the 
customer. According to most central station men, the cost of 
delivering the power to the customer, metering, billing, etc., is 
equal to or greater than the cost of production. This being 
the case and the difference in cost of power slight if plants are 
built along the same lines as regards refinement, the central 
station would find it impossilole to deliver powder at the same price 
the plant could produce it for. 

Mr. Hale speaks of the insurance factor of the central station. 
In order to insure continuitv of service, the central station must 
have not only spare apparatus, but also duplicate lines for dis¬ 
tribution—otherwise the power is no more certain than that of 
the industrial plant. To use an old phrase: “A chain is no 
stronger than its weakest link ”, and the single line distributing 
system is in this case the w'eak link, which is quite as apt to fail 
as the high grade unit in the industrial plant, so that the in¬ 
surance factor of the central station exists only in the imagina¬ 
tion. The failure of a unit in the industrial plant affects but that 
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plant. The failure of the central station in either line or plant 
may affect many plants. 

In order to sell power to an industrial plant, the central station 
must of necessity be able to produce it at a very much reduced 
cost as compared to the industrial plant; and the costs of dis¬ 
tribution, such as maintaining the distributing system, cost of 
metering, billing, collecting, and other charges incidental 
to central station service—must be reduced to a minimum and 
the cost of power as delivered to the customer has to include all 
of these items. The cost of power in an industrial plant consists 
of all of the items incident to the production of that power, but 
has absolutely nothing to do with the costs of distributing it. 

So far, we have considered two plants for producing power 
alone, and no other use of steam has been taken into account. 
Most _ industrial plants have use for heat, either to warm the 
buildings or for manufacturing purposes. If exhaust steam will 
serve the purpose, this can readily be taken from the engine, 
under which condition a much less costly plant will be installed, 
reducing the fixed charge, also reducing the operating charge, as 
the steam thus used cannot be properly charged up entirely 
against power, as it would have to be produced in some way 
if the engines did not exist, nor can the boilers required for this 
steam be entirely charged up against power, as they would also 
have to exist for producing steam if power was purchased. 
Thus the greater the steam required for industrial purposes, the 

less the cost of power, not only as regards operation, but also 
in fixed charges. 



A paper presented at a joint meeting of the Ameri¬ 
can Society of Mechanical Engineers and the 
American Institute of Electrical Engineers, New 
York, March 8, 1910. 


TEST OF A 15,000-KW. STEAM-ENGINE-TURBINE UNIT 


BY H. G. STOTT AND R. J. S. PIGOTT 


During the year 1908 it became apparent that owing to the 
cost of increasing traffic in the New York subway, it would be 
necessary to have additional power available for the winter of 
1909-1910. 

'The power plant of the Interborough Rapid Transit Company, 
which supplies the subway, is located on the block bounded by 
5Sth and 59th Streets, and by 11th and 12th Avenues, adjacent 
to the North River; it contains nine 7500-kw. (maximum rating) 
engine units, besides three 1250-kw. 60-cycle turbine units which 
are used exclusively for lighting and signal purposes. 

The 7500-kw. units consist of Manhattan-type compound 
Corliss engines, having two 42-in. horizontal high-pressure 
cylinders and two 86-in. vertical low-pressure cylinders. Each 
horizontal high-pressure cylinder and vertical low-pressure 
cylinder has its connecting rod attached to the same crank, so 
that the unit becomes a four-cylinder 60-in. stroke compound 
engine with an overhanging crank on each side of a 7500-kw. 
maximum rating 11,000-volt, three-phase, 25-cycle generator. 
The generator revolving field is built up of riveted steel plates 
of sufficient weight to act as a flywheel for the two engines con¬ 
nected to it. This arrangement gives a very compact two- 
bearing unit. The valve gear on the high-pressure cylinders is 
of the poppet type, and on the low-pressure of the Corliss double- 
ported type. 

The condensing apparatus consists of barometric condensers, 
arranged so as to be directly attached to the low-pressure exhaust 
nozzles, with the usual compound displacement circulating 
pump and simple dry-vacuum pump. 
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These engines and generator units are in general probably the 
most satisfactory large units ever built, as five years’ experience 
with them has proved; their normal economic rating is 5000 
kw., but they operate equally well (water rate excepted) on 8000 
kw. continuously. 

In considering the problem of how to get an additional supply 
of power, every available source w'as considered, but by a process 
of elimination only tw'o distinct plans were left in the field. 

The electric transmission of power from a hydraulic plant was 
first considered, but owing to the high cost of a double trans¬ 
mission line from the nearest available water power, and the 
impossibility of getting reliable service (that is, service having a 
maximum total interruption of not more than ten minutes per 
annum) from such a line, further consideration of this plan was 
abandoned. 

The gas engine, while offering the highest thermo-dynamic 
efficiency at the same time required an investment of at least 
35 per cent more than an ordinary steam-turbine plant with a 
probable maintenance and operation account of from four to 
ten times that of the steam turbine. 

The reciprocating-engine unit of the same type as those already 
installed, was rejected in spite of its most satisfactory perform¬ 
ance, on account of the high first cost and small range of economical 
operation. Reference to Fig. 1, Series A will show that the 
economic limits of operation are betw^een 3300 kw. and 6300 kw.; 
beyond these limits the water rate rises so rapidly as to make 
operation undesirable under this condition, except for a short 
period during peak loads. 

The choice was thus narrowed down to either the high-pressure 
steam turbine or the low-pressure steam turbine. There wais 
sufficient space in the present building to accommodate three 
/500-kw. units of the high-pressure type, or a low-pressure unit 
of the same size on each of the nine engines, so that the questions 
of real estate and building were eliminated from the problem. 

The first cost of a low-pressure turbine unit is slightly lower 
than that of a high-pressure unit, due to the omission of the 
high pressure stages and the hydraulic governing apparatus, 
but the cost of the condensing apparatus would be the same in 
both cases. The foundations and the steam piping in both 
cases would not differ greatly. The economic results, so far as 
the first cost is concerned, would then be approximately the same, 
if we consider the general case only; but in this particular in- 
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stance the installation of high-pressure turbines would have 
meant a much greater investment for foundations, flooring, 
switchboard apparatus, steam piping and w^ater tunnels, amount¬ 
ing to an addition of not less than twenty-five per cent to the 
first cost. 

The general case of displacing reciprocating engines and m- 
stalling steam-turbine units in their place was also considered. 
The best type of high-pressure turbine plant has a thermal 
efficiency approximately 10 per cent better than the best re¬ 
ciprocating-engine plant, but the items of labor for operation 
and for maintenance, together with the saving of about 85 per 
cent of the water for boiler-feed purposes and the 10 per cent of 
coal, reduce the relative operating and maintenance charges for 
the wSteam-turbine plant to 80 per cent, as compared to 100 per 
cent for the reciprocating-engine plant. 

Assuming that the reciprocating engine plant is a first-class 
one and has been well maintained, about 20 per cent of its 
original cost (for engines, generators and condensers) may be 
realized on the old plant and so credited to the cost of the high- 
pressure turbine plant. But on the other hand, if the high- 
pressure turbine installation is to receive credit for the second¬ 
hand value of the engines, it must also have a debit charge for 
100 per cent of the original reciprocating-engine plant which it 
displaced. The relative investments, therefore, upon this basis 
would be approximately equal for the high-pressure or the low- 
])ressure turbine; but 80 per cent of the cost of the original 
engine plant would have to be charged against the high-pressure 
turbine plant, as against an actual increase in value (to the owner) 
of the engine by reason of its improved thermal efficiency, due to 
the addition of the low-pressure turbine. 

The preliminary calculations, based upon the manufacturers’ 
guarantees for the low-pressure and high-pressure turbines, 
showed that the combined engine-turbine unit would give at 
least 8 per cent better efficiency than the high-pressure turbine 
unit, so that it was finally decided to place an order for one 
7500-kw. (maximum rating) unit, as by this means we would not 
only get an increase of 100 per cent in capacity, but at the same 
time give the engines a new lease of life by bringing them up to a 
thermal efficiency higher than that attained by any other type 
of steam plant. 

The turbine installed is of the vertical three-stage impulse 
type having six fixed nozzles and six which can be operated by 
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hand, so as to control the back pressure on the engine, or the 
division of load between engine and turbine. An emergency 
overspeed governor, which trips a 40-in. butterfly valve on the 



Elevation and part section of low pressure turbine unit 


steam pipe connecting the separator and the turbine and at the 
same time the 8-in. vacuum breaker on the condenser, is the only 
form of governor used. The footstep bearing, carrying the weight 
of the turbine and generator -rotors, is of the usual design sup- 
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plied with oil under a pressure of 600 lb. per sq. in. with the usual 
double system of supply and accumulator to regulate the pres¬ 
sure and speed of the oil pumps. 

The condenser contains approximately 25,000 sq. ft. of cooling 
surface arranged in the double two-pass system of water circula¬ 
tion with a 30-in. centrifugal circulating pump having a maxi¬ 
mum capacity of 30,000 gab per min. The dry vacuum pump is of 
the single-stage type, 12-in. and 29-in. by 24-in., fitted with 
Corliss valves on the air cylinder. The whole condensing plant 
is capable of maintaining a vacuum within 1.1 in. of the barometer 
when condensing 150,000 lb. of steam per hr. when supplied with 
circulating water at 65 deg. fahr. 

The electric generator is of the three-phase induction type, star- 
wound for 11,000 volts, 25 cycles and a speed of 750 rev per min. 
The rotor is of the'squirrel-cage type with bar winding connecting 
into common bus-bar straps at each end. This type of gen¬ 
erator was chosen as being specially suited to the conditions 
obtaining in the plant. 

With nine units operating in multiple, each one capable of 
giving out 15,000 kw. for a short time, operating in multiple 
with another plant of the same size, it is evident that it is 
quite possible to concentrate 270,000 kw. on a short circuit. If 
we proceed to add to this, synchronous turbine units of 7500-kw. 
capacity, which, owing to their inherently better regulation and 
enormous stored energy, are capable of giving out at least six 
times their maximum rated capacity, the situation might soon 
become dangerous to operate, as it would be impossible to design 
switching apparatus wdiich could successfully handle this amount 
of energy. The induction generator, on the other hand, is 
entirely dependent upon the synchronous apparatus for its 
excitation, and in case of a short circuit on the bus-bars would 
automatically lose its excitation by the fall in potential on the 
synchronous apparatus. 

The absence of fields leads to the simplest possible switching 
apparatus, as the induction generator leads are tied in solidly 
through knife switches, which are never opened, to the main 
generator leads. The switchboard operator has no control 
whatever over the induction generator, and only knows it is 
present by the increased output on the engine generator instru¬ 
ments. 

The method of starting is simplicity itself—the exciting cur- 
ent is put on the engine generator before starting the engine, 
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and then the engine is started, brought up to speed and syn¬ 
chronized in exactly the same way as before. While starting 
in this way, the induction generator acts as a motor until suffi¬ 
cient steam passes through the engine to carry the turbine above 
synchronism, when it immediately becomes a generator and picks 
up the load. Three of these 7500-kw. low-pressure turbine 
units have been installed and tests run on Nos. 1 and 2. No. 3, 
having been just started, has not yet been tested. 

Instead of inserting in this paper the enormous accumulation 
of data incident to these tests, w^e have divided the paper into 
two parts in the hope that it would thus be more accessible for 
reference, the first part giving the reasons for adopting this par¬ 
ticular type of apparatus, with a brief description of the plant 
and a summary of the results obtained, and the second part 
containing all the principal data acquired during the tests, with 
sufficient explanation to make their meaning deaf witlmut 
reference to the text. 

The tables and cuiwe sheets are as follows: 

Series A: Engine tests made in connection with acceptance 
tests, and also later to determine best conditions for opera¬ 
tion. 

Series B: Calculations and data furnished by turbine manu¬ 
facturer to determine probable results when combined 
with engine data obtained in Series A. 

Series C: Tests on No. 1 combined unit. This unit was 
hurriedly put into commission in order to obtain results 
to determine future developments. To get the piping 
done, old riveted steel pipe was used which was very leaky 
under vacuum. Results are valuable however as showing 
the effect of vacuum on performance as compared to Series 
E and F. Quality of steam entering turbine also poor. 

Series D: Tests of No. 2 unit, with poor vacuum and poor 
quality of steam entering turbine. 

Series E and F: Tests on No. 2 combined unit: conditions of 
vacuum and quality of steam entering turbine nearly stan¬ 
dard, so that corrections are small. 

In all results, except where specially noted, moisture correc¬ 
tions are simple corrections, i.e., for each per cent of moisture 
only one per cent correction has lieen made. Vacuum corrections 
for the combined unit are 111). for each Inch variation from 2.3.5 in. 
when referred to 29.92 in, barometer. 
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The net revsults obtained by the installation of low-pressure 
turbine units may be summarized as follows. 

CL An increase of 100 per cent in maximum capacity of plant. 
b An increase of 146 per cent in economic capacity of plant. 
c A saving of approximately 85 per cent of the condensed steam 
for return of the boilers. 

d An average improvement in economy of 13 per cent over the 
best-high pressure turbine results. 
e An average improvement in economy of 25 per cent (between 
the limits of 7000 kw. and 15,000 kw.) over the results 

obtained by the engine units alone. 
f An average unit thermal efficiency between the limits of 
6500 kw. and 15,500 kw. of 20.6 per cent. 



TABLE 1 SERIES A. ENGINE TESTS 
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TABLE 2™SERIES A 


i 

No. 

of 

test 

Eng 

load 

kw. 

B.t.u. 

added 

per 

pound 

water 

B.t.u. 
re j. 
per 
pound 
water 

1 

Eff. 

Rank- 

ine 

per 

cent 

Eff. 

ther¬ 

mal 

per 

cent 


B.t.u. 

drains 

per 

cent 

B.t.u. 

con’s’r 

and 

rad’n 

loss 

per 

cent 

B.t.u. 

rnech. 

elec. 

loss 

per 

cent 

Remarks 

per 

cent 
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TABLE 4—SERIES B 


Assumed cards low pressure exhaust quality data 


No. 

Water 

p. 

hr. 

lbs. 

High 
press, 
steam 
to low 
press 
cylinders 
per 
cent 

Moist¬ 

ure 

at low 
press, 
admis¬ 
sion 
per 
cent 

Admis¬ 

sion 

press. 

lb. 

per 

sq. 

in. 

abs. 

Re¬ 

lief 

press. 

lb. 

per 

sq. 

in. 

abs. 

Ex¬ 

haust 

press. 

lb. 

per 

.sq. 

in. 

abs. 

r 

Qual¬ 
ity of 
low 
press. 

ex¬ 

haust 

per 

cent 

Comb. 

qual¬ 

ity 

per 

cent 

Dry 
steam 
turb. 
lbs. 
per ■ 
hr. 

A. 

105000 

93.2 

2.5 

37 

9.5 


2.76 

90.6 

84.4 

88600 

B 

120600 

94.3 

3.0 

4:3 

14 


2.47 

90.9 

85.7 

108500 

C 

157300 

95.2 

3.5 

49 

19 


2.20 

91.4 

86.9 

136700 
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191100 

95.9 

4.0 

55 

24 
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91.6 

87.8 

167SOO 
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90.2 

4.0 

00 
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1.9S 

91.9 

88.4 
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F 

117400 

90.8 

3,0 

00 

20 

17.5 

3.30 

90.8 

84.5 

99200 

G 

152700 

95.7 

3.5 

it 

20 

U 

2.94 

90.5 

85.5 

130600 

l-I 

issocio 

94.4 

4.0 

it 

23 
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2.40 

90.8 

86.9 

163800 

I 

221700 

93.1 ■ 

4.0 

it 

27 

u 

1.98 

91.6 

88.7 

196600 


Remarks and Formulae 


Tests 21.29 inclusive, 8 hr. 

Tests 31.32, 8 hr. atmospheric exhaust non-condensing. 






-press. 


card 


= ratio of expansion. 



w 


0.129 (f — 1.06) = missing water. 
Sp. density at p. 



W, X 60 X 4 X 75 


i.h.p. 


i. w. r. at high press, cut-off. 


I, w. r.X (f 4~y) — P^^ i.h.p. hr. 


Constant Variable 

nozzle press. nozzle press. 
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RATIO OF EXPANSION 


Fig. 5.—Series B 
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PROBABLE VARIATION WITH LOAD 

A:- ENGINE WATER RATE 

b:-high press, exhaust quality 

C:-LOW PRESS. EXHAUST QUALITY 
D:-TOTAL STEAM ENGINE 
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rH rH rH rH tH rH tH rH rH rH rH rH rH (M IM iH CM rH rH iH 

tx. 



>1 

tx 

Q 

Turb¬ 

ine 

lb. 

per 

hour 

136500 

158200 

148350 

143200 

151900 

161400 

124890 

163500 

142470 

159010 

159000 

157300 

169650 

141450 

191450 

189750 

129150 

188000 

165300 

129840 

156300 

SO 




Total 

unit 

lb. per 
hour 

J 

153540 

169950 

166100 

162270 

170290 

188230 

137320 

198310 

157290 

176550 

176718 

184301 

161702 

217755 

212103 

150885 

211274 

187589 

145824 

176073 

lO 

IHN 


c/3 

O 

e 

Water 

Turb¬ 

ine 

dis¬ 

charge 

lb. per 
hour 

.—'■I. _ 

150170 

167190 

164945 

161612 

164458 

185100 

136850 

192290 

156470 

176210 

167103 

167085 
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149148 

201351 
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134635 
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pres¬ 
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2 

<U 
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High 

pres¬ 

sure 

steam 

Per 

cent 

OOOCOtOOO'^'<d<CM O'rH 00 (m'o 03 CD CO tu’o’co J>o6~’ 

oa30iHoiotC)ootOHttooot'rrHcDooiooooi>S 
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W 
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pq 
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•S 

CM 

C35 

05 

OK 


Si 

0 

in 
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q;:! 2! 2? 22 *253^ 00 

OCOtD'crrH(3303<3305(MiQ'^COCOI>l>Ol'rt'-I>Tjt 

cO(0(Ococor^^-^‘'-^-co^'^^^^-^>l'-I>(36^>l^i^-'l> 
(M (M iM (M (M CM (M (M W (M CO CM DUM (M (M (M (M 
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O 

4^ 

tJ 

CD 

-u 

O 

22 

tx 

o 

u 


! 

i 

1 

Low* 

press. 

: steam 

i lb. 

gauge 
' per 
sq. in. 

1 COCOCOrHOrHCOO'^»0»OOCD(M'^I>rH05 03(M 

1 «OCOCOl33(33C33COrHrHt>.f..(>lOOI>.(MOCOOOWCO 

rHC'llMrHDlrHDtCO'HitrtlT*)lOCCOOCDCOCOCOTlJT)t 



(/3 

W 

0 

u 

Low 

press. 

steam 

cd 

per 

sq. in. 

(M CM CD CD rH o rH cb o tO >0 O CD oi tM lx. rH c33 03 IM 
tx.C'lCOiMICOCOCDOOOCO'^'idH(33kOT}t(35lx.O»D030 

DU>l>tx.;0I>-CDrx-cO00(33O3O3(O06oi'-CO(O0003 

rHrHrHrHrHrHrHrHrHrHrHrHrHrHrH(MrHrHrHrHrH 

00 




Cd 0 0 

lb. 

gauge 

per 

sq. in.' 

D11>03cOrH(MiOCOrHTtlrHTHiOiOI>lMOO(MCOrr<M 

CO>OOOg30g3000!>THCi0000303rHDl (350003(33 
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tx 




.O c/3 S 
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0 c 

. bo tx -r-< 

/a 3 0 

cd 0. • 

bo <y 

CO 

Htl'cttTttD5CMOOcOOOOOOC33l>rHOcOi33(33<30COCO' 
rf ^ TO p p 01 Dl CM CO! CD (M) to rH to 00 (33 iQ CO 

I'x !>. tx. r," I> lx. tx. tv. tx. lx. t>.. lx. |x. In. lx. Jx, fs. 

rHiHrHrHrHrHrHTHrHiHrHrHrHrHrHlHrHrHrHrHiH 

SO 




r 

•£ Si 

^ {h 


OpOiO»OOiOOOOOOTOC30rH(MNN.COOOOiO 

0it^C0'^C0p03rH(MrJtcpOC0TO05c0rHC0CMiO(0 

TO Hft Tt( xt* to TO to to to to lO (© CD to to *cH to 

lO 


CO 

a '■ 
o 
*43 
nj 
> 

Cfl 

0 

cd 

0 

q 

1 0 

G C 

Wffl 

kw. 

t^Ol>COOOiOOOQ(MrHxHcoOTOCOOTOWO 

Dl(MOOtx>COCDC33(Xlt'»'^(MrH(TOrHCDlx.TOCOTOxtilx 

CDlOrHrHlOOrHtOOrHOTO0030DTOCD^OrHTt< 

CDCOCOCDCOt>tO^-COcDCDCDcO^O^x■^'rlOr>•^-tOCD 

XT 


tx 

(U 

CO 

*0 

'4-4 

o 


Unit 

M 

OOOpOpOOOOxttcOOOOOiOOOl'.QO 

J'jCO‘OKtOHH(35TttxtiOOO(M(M'xttHtlCDCOrH(MTO’ri< 

CO TO rH 03 xH 05 CO (M Th to to to I'r to TO TO xH 03 lx. (50 
OrHrHOrHClOOTOOrHrHiHrHOxHTtlcrxrOCOOSrH 

rH rH rH rH rH rH rH fH rH rH rH rH tH rH rH rH rH 

TO 


0) 

i _ 

i 

! 

j 

Dura¬ 

tion 

hours 

— 

HittOTOTO(MrHirOrH(MiMiOI>-tOCOCO'Ct^COcOCOCDCD 

(M 


P2 

Test 

No. 

to CD 1>00 05 O rH IM TO xK to CO tx* CO 05 O rH TO xt^ to CO 
rHrHrHrHrHrHTHTHrHrH<MCOCM(MCMCO 

m4 
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3000 4000 5000 6000 TOGO 8000 

LOAD KW. 


Fig. 11a.—Series C 
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HEAD LOW PRESS. CRANK LOW PRESS. 


Fig. 12.—Series C 
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Temperatures 

Circ. 

water 

dis¬ 

charge 

deg. 

fahr. 

cooi>aioi>'^cocoi>i> 

ooi>i>cocoa5co'^«£>oo 



Circ. 

water 

injec¬ 

tion 

deg. 

fahr. 

O CO O OO iO 00 (M CD 1"^ 
COiQ'^lMiOI^OOOC^lCOcO 

OOOilxDSCOiOiO'^iOTticD 

cococococccococococooo 

factor 

i.h.p. 

kw. 

rHiH(05]>'^intD^^TttlOCO 

r-lcDCM03THCMCMi-iOC01> 

1—IiHtHtHt—ItHt—I t—IrHi—liH 

Cond. 

hot 

well 

deg. 

fahr. 

Tff Tti CO (CQ O 
CD'^COLOcDCQ'^OOO'ittOO 

O00r-4'^00»OCD05005T-H 

i>coooooi>i>ooooo5ooa5 

Total 

coi>i>^ooini-icooO'Mto 

too3inoa5r^coocsia5co 

COrHrHCMr^CDrHCOOSCMin 

i>ooo503a50cMTHoocio 

tH rH tH rH rH 

Dry steam 

fi fi C 
[i] d p 

141100 

154700 

170300 

169700 

176800 

191000 

254000 

214300 

197500 

178700 

149800 

I.h.p. 

engine 

Low 

press. 

CM05CMi>-inc00300CSlTHCM 

Oln'-*^CM'!l^00CMr^00CM'H 

incoi>i>oiocMotOTHco 

corjt'^rjiinintDcoioin'^ 

Turb. 

ine 

125000 

139700 

158100 

157800 

163200 

174700 

234000 

197500 

178600 

155500 

132000 

High 

press. 

r-lOOlOt-COCMCMiOcDCOOO 

C0c0'^t>-in05000rt<t>^ 

oorHTiH”<iir-.oo5incMcoo'i 

c0rti'<*iTlHi;tii0ini0in‘<i<'tr 

Water lb. per hr. 

Total 

water 

unit 

cDOCDCftCMOOCMCMCDiOiO 
l>01'-COCOrHO(MiDCMiO 
'^coO'^oocn-^cocQair- 
(M IQ CM tH rH kO 00 00 O 

rH rH rH rH rH rH CM CM tH 

« 


Turb. 

water 

OOiOrHCDcOOiHrtioOCM 

TtlCOl>iO(Ml>CDCOiHOCO 

001>'>:HCOCOI>-OCMCMOSC35 

e0c0CMi-iCDC3St^C01>i0O 

CO'<:l^^^DtO^Ot'''cl^OOOcO'^ 

t-Hi—It—It—I rHrHCMCMt—lr-(r-l 


Total 

con- 

den- 

sa- 

tion 

CDOr-ICOOCM(MrHlDt>CO 

COr^OOOO'^rHCOTjHTHCM 

COkOCDOO'-HCOCOrHOOO 

00 00C;J5OrHlMt''C35THcn05 


Qualities 

Turb. 

steam 

per 

cent 

'!HCMCO0O00CMI>l>TjH001> 

COiON-I>l^l'-'«t<lOiDCOCO 

0^0505005030503050505 


High 

press. 

steam 

per 

cent 

OCO03OC0tQ00'«Hi000'ctl 

05 0300 03 05 05C3305030505 
0503050505030505050503 

• 

Pressures 

Vacuum 

29.92 

in 

mercury 

OiO1>00(M00tHcDO300’^ 

lOrHOOlOfHa5tOCO-<*ll^OO 

ooooi>j>oor^i>*t'-i>i>i> 

CMCMCMCMCMCMCMCMCMtNiCM 


Turb. 

steam ] Vacuum 
lb. peri lb. per 
sq. in. ■ sq. in. 
abs. . abs. 

ON-wOiOOiOCMr-*OlOCM 

00 O CD rH rH CM O O 

00 rH CD CD rH rH rH rH rH 

''"~'i^“cbNCM05CDOCO 00 o 

rH05CDcDkOCDOiOCO<M'^ 

• rH * * 

• 


Receiv 

ers 

lb. per 
sq. in. 
abs. 

l>O5CMa3iiO00CMCl000COO5 

Tt< xlH lO »0 to lO lO lO 'CH CO 
CDCDCOeDCDCDCDCDtOCOeO 


High 
press, 
steam 
lb. per 
sq. in. 
abs. 

^-lOO^-COO'ChCOCOJ^•^>Tt^ 

»o 05 in CM CO w (>1 oi o 

00C0C000c35O3O3O)O5OjO5 

T"""l T**"l H 1 1^—1 

Corrected 

Unit 

Moist. 

and 

vac. 

OCM»HCM'M^I>tOTH»ni>'tf< 

cootHoooi>'tH03inin05 

■^'th'^COCOCOCOCOCOCOCO 
tHt— li—It— fiHtHrHtHT—ItHr-l 

Loads 

Turb. 

kw. 

CO':rOOCOI>*00''^<CO'!}H 

OOTHOfHt'-r-U'-CDCMCOOO 

cpt>-OOOC01>'tOOiOOr-( 

tT IQ in in I-* to ic5 lo 

Moist¬ 

ure 

O ]> xfl Ttl CM (33 CM 00 to 05 O 
cocor-i>cMCMcoN>iracMto 

rH rH rH rH rH rH rH rH rH rH rH 

Eng. 

kw. 

in050000lOCQC003CO 

l'>.iHrHa5e005O0000t0TH 

oooO‘^ino5xt<inHi>-iHoo 

'triocotocoi'-oooob-b-m 

Actual 

water-rates 

Unit 

inoO'tt<cocoTHa5j>iocMco 

I>c00505c0l0l>00(5t003 

x}^ xjj rjJ »n inxlH 

THrHr-IrHiHr-lTHifHiHrHrH 

Unit 

kw. 

r- o lO o o ito CO m N CO 

tDCMOCOOtOOOCM<35r-lTH 

mm-crcocot-tocMCMCMO 

03OrHr-^<MC0t0'tHC0(MO 

t—Ir-lr—li—Ir-IrHr-IrHTHrH 

Turb. 

»n m CM th bo b- o o xt* r-i 
tDr-HtOOOCOiOiOtOC?J05lO 

t^OrHCMOOOCMCMOrH 

CMCOCOCOCOCOCOCOCOCOCO 

Dura¬ 

tion 

hr. 

tDcDCM'd:tcDtOTrcoxrincO 

Eng. 

'«:t<O51>.x}H03OtO00b0CM 1> 

C35 to m 1£> ^ iQ 00 ’H CO 051'- 

00 CO CO m in in 03 CO lo 10 

CM CM CM CM CM CSl CM CM CM CM CM . 

Test 

i> CO 05 o th CM COin to i> 

CMCMCMCOeOCOCOCOCOCCCO 

Test 

i>-cio030iHCMcoxHincoi> 

CMCMCMCOCOCOCOCOCOCOCO 
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(u 

Q 

< 

W 

02 

w 

I—I 

H 

02 

QO 


Eh 


Pressures 

Circ. water 
pump 

Dis¬ 
charge 
gauge 
lb. per 
sq. in. 

O 05 00 rH CO CO CD CO to 05 CO 05£35 I> rH lO O00 CO 1> C<J 05 

C^(M(MC<l'^C^r-(i-l05050 OOC35000505050000000005 

rS rH rH tH rH rH rH rH 

Suc¬ 

tion 

in. 

mer¬ 

cury 

lO ” 

C<1 O CO 05 CO to CO j>(35 O rH CO to CO C?<1 'CH CN CO CO CO r-- tH C35 

CClC<Ii-lC<3O5<NCf5r-lf0M(M oirfitHOCOOCMCOOlMrfHOCClCO 

T—lr~lr-)r-( i—I iHi—ItHiH rHi-Hr~liHiHTHr-(THrHrHTHrHrHr-( 

1 

Std. 

vac. 

29.92 

Bar. 

in. 

mer¬ 

cury 

CM (M 05 O CD 05 o 05 05 (M 05 05 CO CO 05 N rH I> 00 >0 (M CO 
Tt<C01>COcOTHC35I>OOCOI> t^!>t>COC005L'^0500505005l> 

00 00 00 00 OO 00 00 00 OO 00 00 00 00 00 00 00 00 00 CX) £35 00 00 £35 00 00 
<M (M CM CM C<) (M (M (M (M <M (M <M CM <M (M (M CM CM CM CM CM CM CM (M (M 

Baro¬ 

meter 

in. 

mer¬ 

cury 

CO £35 1 —1to 00 iH rH (M M CO (M CM 00 05 CO CO t> O 05 00 O £35 £35 C5 

CO to CO to CO to CO CM CO CO 00 CO CO CO CM CM O c35 05 Htl Tfc to IS- ]> t> 

OOOOOOOOOOO OOOOOOC3505C35050505C3505 
COCOCOCOPOCOOOCOCOCOCO COCOCOCOCOCO(McM(M(M(MCMCC)(M 

i 

i 

] 

: 

Vacuum 
abs. 
lb. abs. 

'?^^CX)0'ct^tOIM<OOHH05 COCDCOCOHCDI'^OCMOOCOCO£35C50 

I> 150 CO CO I> CO to to to to to to CO CD TjH to to rtc-etc ■>^1 •'Ch TiH to 
OOOOOOOOOOO oodooooooooooo 

V acuum 
manom. 
in 

mercury 

abs. 

OC50CMrHC<lCOCOCMCOCOO C000C3505t0C0V0rHlO00Ttlt'-O05 
tOtOcMCOOO'cJH05CMOO(M rHrHHCM(M05HO00£350500OH 

rH rH irH rH CD rH tH rH tH rH iH tH rH rH Cl fH rH CD* C* ^D rH rH 

Vac¬ 

uum 

Hg 

Col. 

in. 

mer¬ 

cury 

O O CO (M tH CO r^'CO to CM CO C35COtOI>-OiHOrHtOCOtOCOOOCO 

CO H CO xtH (M £35--cjl 1> iH rH (M <M O rH CO 05 O £30 tO 05 00 I> 

£35 05 05 05 05 05 05 £50 05 05 05 £35 05 £35 05 C35 05 £50 05 £50 00 (50 OO 00 £30 

CM (M (M OCJ <M (M CM <M CM (M CM CM (M (M (M CM CM CM CM (M (M M (M (M (M 

0 $ a| B i £■ 

^ V., 4) ^ p 

tH £M (50 O O £30 00 OO O 05 CM rjl H (>1 00 hJH OO lO ^ 'ii 05 00 CD O 
c35COC50*HCMOM'^r>£50'sH COt01>£35tOO’ct(|>OrHtC3C35-r^iCO 

0(MiH(M£M<M(MI>(MrH0 COOOCO’-^lrtIHCOtHCOtOC50rflTtlN> 

rH 1 1 [ ^ j j ^ rH 1 , rH | [ ] 

1 1 1 i“ 1 

Low 
pres, 
sep. 
gauge 
lb. per 
sq. in. 

5.90 

1.80 

1.50 

1.40 

1.54 

1.50 

1.40 

3.10 

0.48 

0.87 

3.14 

Low 
pres, 
sep¬ 
arator 
abs. 
lb. per 
sq. in. 

c^cDOOTtHOOOCOtCMCO toOOf»tOOOrHC35r'.OOiOOriHHtI 

CD to (M tH £M CM rH to 05 CO CO CO 00 tO 051> tH (M O tO O CO rH CO 00 

OcococOCOCOCOO(M(M05 tnb.HlXMtOOOrJHiOh-OiMC^It'* 
ONtHrHiHrHrHiHiHrHrH rH iH rH” 'tHtH iHrH tHHiHiH 

Re¬ 

ceiv¬ 

ers 

gauge 
lb. per 
sq. in. 

tOOOtHOOeOHHCD£35C35THCOCOCOCOC30(M05COCOHCDO£35l>£30 

a5a5 05 05 05 05(35 05l>r»C35tHtO';HOCOC50000(35tOtONcOCOC30 
Ht(TjlTiC'rJiTf('ti(riHTHTt('5*('-!t(COCO'cH''d^(MCOTi<(MCOrfl(MCOCOCO'ct< 

J-5 w 

(Mt0C50tQO£50<XC0COcD(50C000OOt005I>OC0C0iHC0c0'»t('^ 

r{^Tt^CO-5^^t!^^COCO'^(M(MCOCOC35C35tr3H(MtOCOH^C350^•tHHCO 

«OiOcOcococoeOcDcococD'tiHti<»OtO'^uOtOt*(toiO'tdH-?iHtOtoy3 

: 

' 

\ 

. 

Main 
steam 
gauge 
lb. per 
sq. in. 

corH-riiiocrocoHtiococoto (M CO (CO CO CO CO to (M (McD tQ 1^^:^'" 

oi>c35H'ttioo(M(M05coHHdiMd 
(5000£50£30 00 00 00 00 00(50C50 001>l'-00(50t>00c501>00 00 00 00c30 

tH tH iH tHTHrHrHrHiHrHrH jHiHiHtHtHiHrHrHHiHHHiHtH 

Main 
steam 
abs. 
lb. per 
sq. in. 

OOOtHCMOOOOCMtOCOCO £35 O CD to 

t>C0COOt>*00 00£30C0tOc0 HiH(M'!)HcO(35e0l>-t>O5j>.O5tOcOtO 

05 g 05 o £35 £35 05 05 05 C35 C35 05 C35 £35 05 05 05 05 05 05 (35 £35 05 05 05 

’HCNiHMTHrHiHiHiHtHrH iHiHtHtHrHiHrHrHiHtHtHHr—IrH 

Loads 

3-sl 

oocooTfcooocoeO'Ttiocoo 

CO£35rH'^COOCMOTf(CXD(M O CD !> OCO 00 rH tr3 CO H £0 CO 05 rH 
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C30I>t'-COcOt£3'<:tIiOI>t>-lO COC30cOHJ^^-^«.lO^>.l>>^COCDCO£30 


in 

CM'tO 00 (M CO CO (M O O CD OOOOOINCOI^COOCOINOOO 

^c35Tno(Mi>rtiMMr^oMM§ 
05''5(M(M05HCOOtOCOOO£DHHOO 
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deg. fahr. 
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STOTT AND PIGOTT: 
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Fig. 14.—Series E and P 
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Fig, 17.— Series E and F 



Fig. 18.—Series E and P 
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Fig. 19.—Series E and F 
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Fig. 26,—Series E, test 44 













218 


STOTT AND PIGOTT: 


[March 8 




20 


40 




Yi)mm m. in. Abb. 


STEAM-ENGINE-TURBINE UNIT 


219 


160 

150 


130 

120 


180 

iro 

160 

150 

140 

130 

120 

110 

p 

» 100 



VOLUME CU. FT. 

Fig. 29.—Series F, test 60 































220 


STOTT AND PIGOTT: 


[March 8 
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VARIABLE NOZZLE PRESSURE 
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The first point which presents itself in view of the remarka¬ 
ble results of these tests, is the question of accuracy of measure¬ 
ment. The actual unit water-rate is dependent upon three 
factors only: quality of steam entering the engine, kw. load, and 
weight of water per hour. The quality of high-pressure steam 
■is easily and accurately determined by means of the ordinary 
throttling calorimeter. The load on the nlachines was deter¬ 
mined by means of nine integrating meters: two meters each on 
turbine, engine and total load, connected by the 2-meter method; 
one balanced 3-phase meter each on turbine, engine, and total 
load. Each meter was calibrated once a week, and the error 
was always within one-half of 1 per cent. 
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Fig. 32.—Series D, E and F, diagrammatic test layout 


The weight of water from the turbine hot-well was determined 
by a pair of 40,000-lb. standard platform scales, with a recording 
device in addition to the hand weighing. The load was about 
25,000 lb. per scale, the limitation being the size of the tanks on 
the scales. These scales are graduated to 5 lb. and will balance 
to 2 or 3 lb., so that the error in reading is negligible. Receiver 
trap water and low-pressure separator water was weighed 
together on a pair of 2000-lb, platform scales, reading to J lb. 
All scales were calibrated with standard 50-lb. weights before 
testing. 

The actual trap water weight was obtained by interposing 
a l-in. Venturi meter with recording device in the line to the 
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scales; this was also calibrated by scales and found correct to 
less than 1 per cent, and the low-pressure separator water oh- 

tained by difference. 

For examination of thermodynamic conditions within the ma¬ 
chines, the most important determination is that of quality of the 
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4*3 

V 

4) 


*1 

f-H 

pq 
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a 




low-pressure steam to the turbine, since on this depends one of 
the important corrections to guaranteed conditions. There were 
no experimental data available that we could discover, bearing 
on low-pressure quality determinations, so the investigation 
was made incidental to the tests, from which the following 
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was established. The ordinary standard perforated pipe sampler 
is absolutely worthless in giving a true sample, and it is vital 
that the sample be abstracted from the main without changing 
its direction or velocity until it is safely in the sample pipe and 
entirely isolated from the rest of the steam. Multiple orifice 
nozzles are of no use, as in all cases one orifice will supply practi¬ 
cally all the steam, leaving the others useless. After much 
experimenting with various styles of samplers, all of which were 
failures the single orifice curved tube (Fig. 33) was adopted. 

The reasQA for failure of other styles is plain; if any sudden 
turn is made by the wet steam in entering the sample nozzle, 
the entrained moisture, by reason of its immensely greater specific 
gravity and slight skin friction in the tenuous surrounding fluid, 
will continue with unchanged direction and a dry sample will 
enter the nozzle. In other words, the sampler becomes a very 
fair separator. Again, if the velocity in the sampler is greater 
than that in the main, even though there be no separating action 
with the proper sampler, the steam will accelerate into the nozzle, 
and the moisture will not, giving a dry sample; and the reverse 
is true if the velocity is less in the sampling nozzle than in the 
main. The reason this very simple action has not been noted in 
connection with high-pressure steam is the smaller diflerence in 
specific gravity of water and steam, the enomaously greater skin 
fidction and the small percentage and highly-divided state of 
the moisture present. 

The successful types of calorimeter for very wet steam, were 
the Thomas electric, and a combination of a separating calori¬ 
meter with a throttling calorimeter. By the use of the separating 
calorimeter most of the moisture was removed, and the small 
remainder was registered by the throttling calorimeter. At 
first glance it seems as if, with an initial pressure of 12 lb. to 
20 lb. absolute, the throttling calorimeter has no capacity, 
but by putting a vacuum of 2S in. on the discharge side of the 
calorimeter, an available heat is obtained sufficient to evaporate 
2 or 3 per cent of moisture. When the moisture became less 
than this, we used the throttling calorimeter direct, eliminating 
the separating calorimeter altogether. The separating-throttling 
combination was afterward tested for radiation loss and found 
to lose less than 0.1 per cent at proper flow. Fig. 33 shows this 
combination instrument. The large size is necessary on account 
of the very high specific volume of steam at low pressure. 

Referring to Fig. 33, the f-in. brass nozzle on the sampler is 



224 


STOTT AND PIGOTT: 


’March 8 


arranged to point in exactly the opposite direction to the steam 
flow; the lip of the nozzle is filed to a knife-edge to avoid disturb¬ 
ing the steam current around the sampler mouth by impact and 
eddies against a sensibly thick lip. The diameter of the brass 
nozzle is carefully measured and, if necessary, reamed smooth. 
This form of sampler fulfills the requirements noted above; it 
takes out the sample without disturbing its direction, by virtue 
of its position and knife-edged orifice, and the velocity can be 
kept correct by determining the flow from the following simple 
formula: 



Wa 

A 


where 

^ = lb. per hr. flow through calorimeter. 
W = lb. per hr. flow through steam main, 
a = area of sampler nozzle. 

^4 = area of main. 


The sampler is allowed to extend into the pipe one-sixth of the 

pipe diameter, which, has been found to give practically true 
average flow. 


The ^-in. valve at the sampler is opened wide, and the J-in. 
lever cock between separating and throttling calorimeters is 
used to regulate the flow, the throttling action taking place at 
this point. The rest of the calorimeter is under vacuum, the 
discharge being connected to a small cooler to condense the steam 
and then to a volumetric measuring tank. The top of this tank, 
which is entirely closed except for the pipe connections, was con¬ 
nected with the turbine condenser by a i-in. pipe, which gave au 
available vacuum of over 28 in. without affecting the measuring 
in any way.^ The spy-glass is very useful in proving that the 
calorimeter is working properly, for when the superheat in the 
throttling calorimeter gets below 6 or 8 deg. it sometimes happens 
that^ some moisture goes by, in which case the spy-glass im¬ 
mediately shows it up, no matter how small the quantity. As 
the spy-glass is most conveniently made of f-in. gage glass, more 
area IS required to take away the steam from the, calorimeter 
and this was done by adding a by-pass of 1-in. pipe around the 

and does not 

aiiect the function of the glass. 
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The percentage of moisture taken out by the separating por¬ 
tion of the instrument divided by the total percentage of mois- 
'ture gives the efficiency of the separating calorimeter, which 
turns out to be much lower than is ordinarily supposed, from 
60 to 80 per cent. 

For the rest of the measurements steam pressures throughout 
were taken with high grade thermometers, graduated to 1 deg. 
and in many cases as low as 0.2 deg., as these are in every case 
preferable to gages for saturated steam. All pressures below 
15 lb. gage and all vacua were measured by mercury column, 
in addition to temperatures. 



Table 1, Steam to Auxiliaries, includes for tests 25, 22, 24, 21, 
23 and 26, the circulating water pump steam only; test 27, 
circulating water pump and dry vacuum pump; test 29, circula¬ 
ting water pump,dry vacuum pump and boiler feed pump; test 30, 
boiler feed pump alone. 

Fig. 11 and Fig. 11a show variation of points is due to errors in 
earlier low-pressure calorimetry, before the standard instruments 
were settled upon. 

Table 12, the column of Unit Water-Rate Total Correction, 
is based on a standard vacuum of 28.72 in. instead of 28.5 in.. 
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as the higher figure was the average vacuum of the series of tests. 
Consequently the absolute amount of correction was reduced, 
which is of course very desirable, in view of the uncertainty 
of correction factors. 

In Fig. 14 these water rates are uncorrected for moisture, etc. 




Fig. 36.—^Variation of kw-engine and i.h.p. factor 

In Fig. 32 the calorimeters were drawn for the sake of clearness, 
as if they were situated at some distance from the sampling 
points; actually they were, as in Fig, 1. 

Figs. 34 and 35 and 36 serve to show the variation in load be¬ 
tween engine and turbine, and the effect of change of efficiency 
of the two machines. 
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Formulae and Constants 


Engine. 

Two high-press, cylinders 42 by 60 in., 9-in. rod 
Two low-press, cylinders 86 by 60 in., 10-in. rod. 

Rev. per min. 75. 

Two 14-in. steam mains. 

Two 16-in. high-press, exhausts. 

Two 30-in. low-press, exhausts. 

Clearances. 

Fligh-press. head 9.5 per cent. Crank 10 per cent. 

Low-press, head 4.77 per cent. Crank 4.78 per cent. 

Average total volume high press. 51.7 cu. ft. 

low-press. 209.9 cu. ft. 

Average displacement high press. 47 cu. ft. 

low press. 200.3 cu. ft. 

i.h.p. constant. High press. 15.38. Low press. 65.57 (average) 
All combined cards worked out on average basis. Marks and 
Davis tables used for steam data. 

Table 11. 

Er = Rankine thermal efficiency, cyclic. 

Et = Engine thermal efficiency. 

== Heat in initial steam at press, quality (total per hr.) 
= Heat in steam at p^, after adiabatic expansion from 

Et 

== Ae == engine effi- 
ciency referred to 

rankine cycle. 


H, - H, 


pi, (total per hr.) 

kw. X 3412 


Ef JE i — 


H, 


No heat recovered. 
Table III. 


pa, = pressure and volume at high press, cut off, lb. per 
sq. in. and cu. ft. 

pc, Vc = press, and volume at high press, compression. 

Wa = specific density at pa, 

Wc == specific density at pc. 

Va Wa — Vc Wc = W, lb. indicated steam per stroke. 


1FX75X^ 

i.h.p. 


indicated water rate (I.W.R.) 


T.W.R. (1-l-y) = A.W.R., (actual water rate) 
y = 1.29 (r’— 1.06) kw.X 1.465 — i.h.p. 



51.7 

■V7 


for high press, cycle == ratio of expansion. 


r 
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Table IV. 

Qe = Total dry steam per hr. to engine. 

Qf — Trap water per hr. 

Xe = low press, exhaust quality. 

(Qe — Qf) Xe = dry steam to turbine, Qu 

Table VI and VII 

Xt = quality of steam to turbine after passing separator. 

1 — Xt = W y wetness of steam to turbine after passing separator. 
Ke ^ engine kilowatt output. 

Kt ~ turbine kilowatt output. 

Qe == dry steam to unit per hr. 

= actual w^ater rate W for unit. 

Qf == trap water per hr. 

Qs = separator water per hr. 

Xj = high press, quality. 

-^-Qs-Q = Q/ 

0 / = Qt 

= actual turbine water rate, Wt 


Qe 

Ke 


= actual engine water rate, We 


KeVK^ ~~ water rate, corrected for moisture in 

^ ^ turbine steam, 

W' — (28.5 — total corrected unit water rate. 

3 = actual vacuum obtained, in mercury. 

Tables IX and X. 

All throttling calorimeters. 

^ ^2 — total heat per lb. saturated 

steam at p^y calorimeter dis¬ 
charge press. 

X^ — quality. 

K = separator heat superheated 
steam at p^, T. 

T = temperature superheated 
steam in calorimeter. 
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All separating calorimeters. 



Wf 

= temperature saturated steam at 
^ ^ Q = heat per lb. of the liquid. 

L — latent heat vaporization per lb. at p^. 


== moisture. 

Wf = flow. 

All combination separator-throttle calorimeters. 

X 2 == Xj combined quality. 

Thomas electric calorimeter. 


3.412E — K (T — t) 

- ---—.-... E == watt-hr, input. 

W = lb. steam flow. 

— 1 — X at = as above. 

T ~ as above 

t = saturated steam temperature 
at p. 

L = latent heat per lb. at p. 

X = as above. 

Table XII, see VI, VIL 
Tables XIII, XIV. 



kw. 3412 

. h7 .. 


for engine turbine or unit. 



kw. 3412 

h;-q~ 


for unit and turbine only. 


Et = thermal efficiency no heat recovered. 

Et = thermal efficiency hot well heat recovered. 
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Discussion on “ Test of a 15,000-kw. Steam-Engine-Tur¬ 
bine Unit ”, New York, March 8, 1910 

W. L. R. Emmet: While some few applications of low-pres¬ 
sure turbines in connection with electric-generating engines 
have been put into operation before that which is described in 
this paper, such cases are relatively unimportant and I think 
that in all of them the application has been made to a station 
which was formerly operated non-condensing. 

In recent years the science of steam engineering has advanced 
very rapidly and as the cost of fuel has increased the cost of 
apparatus has diminished so that we now find ourselves in a 
position where the question of investment is of much less rela¬ 
tive importance than formerly, the value of the product being so 
very large in proportion to the cost of the apparatus required. 
For this reason we generally cannot afford to use any apparatus 
but the best, no matter how great its cost. 

The operation of stations by turbines alone is simpler and 
generally more economical than that of stations which use re¬ 
ciprocating engines and there are many cases where it might be 
better to install high-pressure turbines instead of coupling low- 
pressure turbines with existing reciprocating engines. The 
results shown by Mr. Stott’s paper, however, should demoUvStrate 
to many station managers that they cannot afford to run re¬ 
ciprocating engines alone when such an improvement can be 
accomplished by the addition of low-pressure turbines. I regret 
that Mr. Stott has not dwelt at more length upon the saving in 
investment and operation which has been effected by this 
installation, although his tests and explanations afford most of 
the data necessary for such comparisons. The increase of firing 
capacity due to the changes made in many of the boilers some¬ 
time ago has greatly contributed to the comparisons of the re¬ 
markable improvement accomplished. Comparisons of the 
original conditions in this plant with the ultimate development 
of the present plan afford a very striking example of what can 
sometimes be done with an old station. 

The results in steam consumption shown by Mr. Stott’s 
tests are very decidedly better than the best results which have 
ever been accomplished with turbines alone, the advantage in 
water rate amounting to about 2 lb. per kw-hr. as compared 
with the best turbine results. It is possible that this station 
will never produce power more cheaply than the best modern 
turbine stations are now doing with equal fuel, but the dif¬ 
ference cannot be great and when the enormous investment 
saving is considered, the great value of this change will be 
apparent. 

Some of these curves given in the paper would seem to indicate 
that the results accomplished by the turbines were inferior to 
those guaranteed or expected, whereas in fact all guarantees and 
expectations have been rather exceeded. The reason for this 
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apparent discrepancy is that Mr. Stott has not made allowance 
for the losses introduced by the presence of moisture in steam 
entering the turbines, whereas the guarantees on the turbines 
were based upon dry steam. Mr. Stott has reported the facts 
as they exist and as they are influenced by such methods of 
moisture separation as he has used. If the separation were 
more perfect the turbine results as shown by the curves would 
be much better and it is probable that with more experience, 
an almost complete absence of moisture in the steam turbine can 
be provided for. In Schenectady, where we are operating two 
large low-pressure turbines on exhaust steam from a reciprocating 
engine plant, we are running with steam which is almost com¬ 
pletely dry. The reason for this is that the steam has to pass 
horizontally through a long pipe which ends in a separator and 
is drained before it reaches the separator. This arrangement 
gives the steam ample time to throw down its moisture and the 
last vestige of it is taken by the separator. In most applica¬ 
tions of low-pressure turbines and engines, such an arrange¬ 
ment can be provided for, while in the installation referred to in 
this paper the delivery of steam from engine to turbine is in a 
downward direction and through very short pipes in which little 
separation or collection of moisture into drops can occur. 

Max Rotter: The success of an enterprise of such magnitude 
and novelty required, on the part of those responsible for it, a 
very considerable courage and confidence in engineering calcula¬ 
tions. The test results and Mr. vStott’s deduction from them 
will exercise no small influence on all who are interested in the 
production of power on a larger scale. 

One matter of practical interest is the elimination of the 
moisture and oil from the steam during its passage from the en¬ 
gine exhaust to the turbine inlet. TcvSts 45 to 62 seem to show 
that the moisture remaining in the steam, as it entered the tur¬ 
bine, amounted to an average of over 4 per cent. Can it be 
aSvSumed that this may, without re-heating or increased pressure 
drop, be reduced to zero. If not, then the inefficiency of the 
separation must be considered as one of the losses inevitable 
in an installation of this kind, and corrections for moisture 
entering the turbine should properly be omitted, as such losses 
would be on a par with the losses in the low-pressure stages of 
a high-pressure turbine, due to the water of liquefaction delivered 
to them from the high-pressure stages. It is not the same as a 
correction for moisture in the steam as originally delivered to the 
engine, for the engine and low-pressure turbine, with their 
necessary connecting elements, must be considered as a single 
unit and it is proper to correct only for conditions due to the 
imperfection of external apparatus serving the unit. For in¬ 
stance, while a correction .for moisture in the steam would be 
made in testing an engine as a unital piece of apparatus, no such 
correction would be made in testing, as a unit, the complete plant 
of such engine and its boilers. The correction of I per cent in 
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consumption per 1 per cent of moisture delivered to the turbine 
is the usual full allowance for the internal losses caused by such 
moisture; as obviously no deduction of the moisture itself can 
be made, this having been already allowed for in determining 
the dry steam delivered to the engine. This correction of l^per 
cent is thus equivalent to the customary correction of 2 per cent 
in consumption per 1 per cent of moisture, as applied to a high- 
pressure turbine performance. The elimination of oil is prob¬ 
ably more important as affecting the maintenance of the effi¬ 
ciency of the turbine and surface condenser than that of the 
boilers. 

One of the most interesting features of the paper is the com¬ 
parison of this engine and low-pressure turbine installation with 
an installation of high-pressure turbines. It is not clear whether 
the high-pressure turbine referred to by Mr. Stott is oiie of a 
capacity equivalent to that of the low-pressure turbine only, or 
to that of the combined engine and low-pressure turbine unit. 
The latter would certainly be proper and seenis to be that con¬ 
sidered by Mr. Stott in Ms statements regarding relative costs; 
but the high-pressure turbine efficiencies shoTO in Fig. 19a, 
Series E and P, are apparently those of a considerably smaller 
machine. Nor is it quite proper to compare the efficiencies of 
two units on the basis of the test performance of^one as against 
the guaranteed efficiencies of the other. A business man will 
not guarantee more than necessary, nor will he guarantee under 
any circumstances the best he can hope to do under test. Furth¬ 
ermore, a slight change in operating conditions might materially 
affect such a coinparison. For instance, the majority of modem 
high-pressure turbine plants operate ^th some superheat, of 
which the high-pressure turbine can take' greater advantage 
than can the engine and low-pressure turbine uiiit. The fre¬ 
quency of the turbo-altemator, in so far as it determines the 
speed of the turbine, will also exercise some influence upon the 
results. At 59th Street the slow speed of 750 rev. per min. is 
somewhat unfavorable to the turbine. A higher turbine speed 
would, in the case of the engine and low-pressure turbine unit, 
increase the efficiency of the turbine only; that is, the improve¬ 
ment in efficiency would apply to only about one-half of the total 
load of the tmit; whereas, in the case of a high-pressure turbine 
of a capacity equivalent to that of the combined unit, the im¬ 
provement in efficiency would apply to the full output of the 
machine. The comparative operating expenses must also be 
considered, and these are unquestionably lower for the high- 
pressure turbine than for the combined unit. 

Fpr the purpose of comparing the steam consumptions of 
the two types of apparatus, the final results gvien in Table 12, 
Series E and P, have been replotted, herewith on Fig. 1 and curve 
A drawn through the points. This curve ^therefore shows the 
steam consumption of the combined unit, corrected to dry 
saturated steam at the engine throttle at 180 lb. gage, dry satu- 
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rated steam at tlie low-pressure turbine throttle at varialile 
pressure, and a vacuum equivalent to 28| in. referred to a 21}.!)2- 
in. barometer. Curve B refers to a higlnpressure turbine unit 
iting witli dry saturated steam at 180 lb. gage and a vacuum 
in, referred to a 20,l>2-in. barometer, at a S|:)eed of 7 
’ min., ami having a capacity about equivalent to tliat 
tlie combined engine-low-iiressure-turbine unit. Tliis latter curve 
sliows the steam consumptions it would be perfectly safe to ex|)ect 
from sxxch unit under tc^st, and it is prolxalxle tliat a consumption 
0.8 to 0.4 of a pound lower would be attained. In making 
guarantees, from 1 to 1| 11,). per kw-hr, would be added. A 
comparison of tliese curves w«3uld ind.icate that the aver 
difference of 8 ])er cent as given by M'r. Stott is 
,18 |)er cent as given l>y liim too liigh. 
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interesting to learn whether Mr. Stott would consider such an 
installation for extensions of this plant beyond the capacity 
obtainable by adding low-pressure turbines to all of the existing 
engines. 

The conditions for wdiich low-pressure turbines are being con¬ 
sidered have multiplied much faster than anticipated. For 
instance it has been proposed to operate a turbine by means ol 
steam from natural geysers, which is perfectly feasible. The 
steam would be obtained by passing the hot water through 
vessels in which a pressure drop would take place and part of 
the water be evaporated. With such an arrangement it would 
be necessary to handle 30 to 50 lb. of water to obtain 1 lb. of 
steam at a pressure slightly below atmosphere. 

Another use for low-pressure turbines is that of generating 
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Fig. 2.—Curves A and B, showing performances of units when operating 

under given conditions 


power from hitherto wasted industrial steam. For instance, a 
turbine is now being installed in an automobile tire factory where 
the retorts used for vulcanizing are filled with high-pressure 
steam for a certain period, the major portion of this steam being 
then blown out into the air before the retorts are opened for re- 
charging. ^ This steam will henceforth be collected in a receiver, 
in which its pressure will drop approximately to atmospheric, 
and from which it will be delivered to a low-pressure turbine for 
use. The supply of steam is almost constant and will generate 
1000 to 1200 kw., the only cost being the fixed charges, labor, and 
the water required for condensing. 

Every improved method or appliance is exposed to the danger 
of being retarded in the progress it really m.erits by a few ill- 
advised applications, and there are cond'^itions under which it 


1910] 


DISCUSSION AT NEW YORK 


235 


would be better not to advocate low-pressure turbines as addi¬ 
tions to reciprocating engines. In almost all instances^ figures 
will show a saving of steam as achievable by such combination, 
but the cost of power production in a great many industrial 
plants is so small an item compared with the other expenses, 
that a reduction of even 25 per cent in fuel consumption is 
frequently insignificant when weighed against other considera¬ 
tions. 

A low-pressure turbine should not be installed where its steam 
supply depends upon an old and unreliably decrepit engine. 
The proper thing here is an independent high-pressure condensing 
turbine. And as a high-pressure condensing turbine of the same 
capacity as the engine and low-pressure turbine combined will 
give so nearly the same efficiency as the combination, the boilers 
and the condensing apparatus will cost about the same for either 
installation, the fuel consumption will be about the same, 
and the engine can be set aside for emergency use. 

There are numerous instances where compound engines are 
not overloaded but underloaded. Many of them are running 
non-condensing and it is a condenser and not a low-pressure 
turbine that is needed. The beneficial effect of adding a con¬ 
denser to an underloaded compound engine is twofold; firstly, 
it will lower the mean effective pressure at which the engine 
attains its best efficiency and, therefore, if the engine is under¬ 
loaded, it will bring'the point of best efficiency nearer the running 
load; and secondly, there is the increased efficiency directly 
due to condensing. 

The installation of a low-pressure turbine may also be a doubt¬ 
ful expedient in a plant which is being electrified and in which 
the engine is belted or coupled to a lineshaft so that the direct 
load is decreasing while the electric load is increasing. Of course 
a generator could be added to the engine, and a low-pressuie 
turbine run in connection with this; but be 3 mnd the combined 
capacity of these it would become absolutely necessary to install 
a new unit. Under such circumstances the best course would be 
the installation of a high pressure condensing turbine to start 

with. . , . ^1 

E. F. Miller: I recently made some calculations upon the 

economy of the low-pressure turbine and found in figuring over 
some of the tests quoted an apparent efficiency of 76 to SO per 
cent of that obtained from the non-conducting engine. I also 
worlced up the efficiencies and steam, consumption of the Rankine 
engine using dry steam at a pressure of 15.6 lb. and exhausting 
at 28-in. vacuum. The same calculations were made at other 
pressures down to about 6 lb., as shown in Table 1. Taking the 
efficiency of the generator as 83 per cent and the mechanical 
efficiency of the engine as 90 per cent, the steam consumption 
per kw-hr. was obtained," 

Assuming the ratio of efficiency of the low-pressure turbine to 
that of the non-conducting engine as 63, 67.5 and 72 per cent, 
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the steam consumptions per kw-hr. were calculated. Table 1 
affords a simple means by which steam consumptions may be 
compared. 


TABLE 1 STEAM CONSUMPTIONS OF LOW-PRESSURE TURBINES AT VARYING 

PRESSURES 


Abs. press, 
at 

entrance 

Temp, at 
entrance 
deg. fahr. 

Abs. press, 
at 
exit 

Temp, at 
exit 

deg. fahr. 

Quality of 
steam at 
entrance 

Quality of 
steam at 
exit 

Thermal Eff. 
of Non-cond. 
eng. % 

15.60 

215 

1.005 

102 

1.000 

0.S7S5 

15.93 

14.13 

210 

1.005 

102 

1.000 

0.SS27 

15.38 

11.53 

200 

1.005 

102 

1.000 

0.8916 

14.23 

9.34 

190 

1.005 

102 

1.000 

0.9007 

13.03 

7.51 

180 

1.005 

102 

1.000 

0.9125 

11.75 

5.99 

170 

1.005 

102 

,1.000 

0.9203 ■ 

10.48 


Steam perh.p.-hr. 
of non-cond. 
eng. per cent 

Steam per kw-hr. 
of non-cond. eng. 
calling mechanical 
eff. of eng. 90 per ' 
cent and etf. of 
generator 93 per cent 

Steam consumption per kw-hr. of 
^ow-press. turbine assuming ratio of act. 
eff. to that of non-conducting eng. as 

63, 67.5 and 72 per cent 

14.72 

23.55 

33.6 

31.4 

. 29.4 

15.23 

24.36 

34.8 

32.5 

30.4 

16.50 

26.40 

37.7 

35.2 

33.0 

18.09 

28.94 

40.1 

38.6 

36.2 

20.13 

32.20 

46.0 

42.9 

40.3 

32.66 

36.26 

51.8 

48.3 

45.3 


waiu ^ numoer ot cases have arisen where mills 

iven mechanically have desired to increase their power bv the 
use of low-pressure turbines. The introduction of the low- 
pressure turbine m such places is accomplished in a novel and 

loaTtoffctif^’^h’^ tying the electric load and the mechanical 
T-hA ^ means of a synchronous motor or generator. 

The synchronous motor may either be belted or coupled-direct 

generator connected with the low-pressure 

no Voveml!^ method the low-pressure turbine requires 

^ merely delivers power in proportion to the 
(Quantity of steam exhausted by the engine 

it shoulThA’^AoJ^^iif selection of a low-pressure turbine that 

utilizing the entire engine exhaust. In 

sure Sfp? ’ A regarded as the low-pres- 

nrooer ratio *"P^®-®^parision engine, and manifestly a 

aZkSTa c T low-pressure turbine and engine 

eSaiToVof tS J observed, die 

expansion of the steam will not be efficiently carried out or there 
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will be free escape of a part of the steam through the relief valve 
between the engine and turbine. However, a properly selected 
turbine will pick up the electrical load and the surplus power 
that it is delivering will go through the synchronous rnotor, 
thereby lightening the load of the engine. When the engine is 
thus relieved of a portion of its load, it naturally gives less steam 
to the turbine until the whole system autoniatically balances 
between the mechanical load and the electric load. 

An important feature of operating the low-pressure turbine 
without a governor is that vacuum comes back on the engine 
at all loads, the amount of this vacuum being proportional_ to 
the amount of load carried by the turbine. By thus varying 
the inlet pressures on the turbine and maintaining them below 
atmospheric pressure, looping of the low-pressure card on.„ the 
engine at light loads is avoided and the low-pressure valves 
operate smoothly and without noise at all loads. At the same 
time, both the engine and turbine run in combination at maxi¬ 
mum efficiency through their entire range, and the curves ob¬ 
tained are about as straight as the one in Mr. Stott’s test. 

It will be seen that the flexibility of such an outfit is inde¬ 
pendent of the mechanical load and the turbine can accomplish 
practically anything that a high-pressure turbine can accomplish. 
The gain in power with the synchronous motor system amounts 
to nearly 100 per cent, due to the fact that the increased rating 
of the non-condensing engine over what it is at best economy 
condensing is approximately 20 per cent, which should be added 
to the 80 per cent additional power given by the low-pressure 

turbine. 

Assuming that an engine running under 125 to 130 lb. pressure 
consumes per indicated horse power 15 lb. steam-condensing 
and 21 lb. non-condensing, if we divide the additional stearn re¬ 
quired when running non-condensing by the kilowatts obtained 
from a low-pressure turbine, we obtain a kilourntt for very close 
to 12 lb. additional steam per kw-hr. This must compare with 
a water rate of say 20 lb. on a high-pressure turbine under the 
same steam conditions. 

An interesting point is that the economies obtained for the 
conrbined engine and turbine would be equivalent to a con¬ 
sumption of about 11 to llj lb. per indicated horse power in steam 
engine practice, so that we better the engine economy over 
what it is at its best point when run condensing, besides produc¬ 
ing a kilowatt for less steam than in a high-pressure unit. 

In the majority of cases the low-pressure turbines have been 
installed in plants having from 125 to 140 lb. of steam, and the 
relative gain is just as marked as in the stations carrying 195 lb. 
of steam and high degrees of superheat. 

E. D. Dreyfus: It is interesting to note the remarkable dif¬ 
ference in Rankine cycle efficiency between the engines and the 
low-pressure turbines. This looks as if there is some opportunity 
for improvement on the low-pressure turbine. • Mr. Flanders 
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of East Pittsburg, has made quite a study of turbine efficiencies, 
and has found that a high-pressure complete expansion turbine 
operating with 175~lh. steam pressure and 100-deg. superheat 
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cycle efficiency as a low-pressure 
turbine at the same vacuum and u<!ma a^,/oT ^ pressure 

The gain in economy of 13 per lent ® o™' 

is what would be expe^cted by Mr. Stott, 

oe expected when we consider that this unit is 
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operating on dry and saturated steam. I must, therefore, differ 
with Mr. Rotter, as I know of no complete expansion economies 
on record that do not agree to a large extent with what Mr. Stott 
has brought out. A Rankine cycle efficiency of 70^ per cent on 
a complete expansion machine, but no turbine performance 
reaching this degree of efficiency has to my knowledge been re¬ 
corded "in this country. Some have gone as high as 67.8 per 
cent, but as far as 1 am able to learn, any record of a complete 
expansion machine that has exceeded 70 per cent is within 
closed doors. 

I am very much interested in observing the results obtained 
with constant and variable exhaust pressure. When this ques¬ 
tion first came up in low-pressure turbine work, variable exhaust 
pressure was looked upon with disfavor by some designers and 
engineers, while others advocated this method because of the 
better results obtained with it. It is now quite evident that in 
the neighborhood of 5 per cent additional economy is obtained 
by running with variable exhaust pressure. As Mr. Stott has 
stated, it is obvious that unless the piping and apparatus be¬ 
tween the engine and turbine are in very good condition, good 
vacuum will not obtain. I find,^ however, that there are a 
number of low-pressure turbine installations where the low- 
pressure turbine is coupled with two or more‘compound Corliss 
engines with moderately long connections, and they secure 
a vacuum in the neighborhood of 28^ or 29 in. The overall 
economy, even in the small 1000-kw. unit, indicates the same 
relative gain as shown by Mr, Stott’s results. Fig. 6 and Fig. 7 
in Mr. Stott’s paper, show the desirability of variable pressure 
operation on account of looping of the cards. 

Mr. Stott mentioned in the first part of his paper that the main¬ 
tenance account of a complete gas-engine plant would be from 
four to ten times that of a turbine station. To the best of our 
ability in collecting information and judging working conditions, 
we do not find it comes up to this factor, and the same thing is 
true in Fngland according to a paper presented before the In¬ 
stitution of Electrical Engineers on November 1/, 1908.^ This 
paper was very thoroughly discussed at London, Dublin and 
Manchester, both favorable and adverse comment being made, 
but the prevailing opinion seemed to be that the maintenance 
cost of the complete gas plant would not much exceed that of the 
steam turbine plant; in fact, the author of this paper claimed 
it to be the same. When the producer and boiler are con¬ 
sidered, there is reason for this statement. . j i 

Regarding the statement that the results obtained closely 
approach gas-engine efficiencies, gas-engine coal consumption 
is usually given for 12,000 to 13,000-B.t.u. coal, but considering 
14,500-B.t.u. coal in both steam and gas plants, a material 
difference of 20 to 25 por cent will easily be obtained in favor of 
the gas equipment over the most efficient steam machine:^. 

The value of the low-pressure turbine is rapidly bringing about 



240 


STEAM-ENGINE-TURBINE UNIT 


[March 8 


its extensive use in connection with the gas engine, availing 
of the waste heat of the jacket and exhaust. 

Charles P. Steinmetz: The paper deals with a combination 
of the low-pressure steam turbine with the induction generator, 
which, while possibly not familiar to some, is assuming a very 
high industrial importance. 

The electrical part of the unit, the induction generator, is not 
a new type of machine. ^ Its existence was knowm and its charac¬ 
teristics and behavior investigated and. discussed many years 
ago, but only now has the indirstry developed in such a manner 
as to give conditions in which the induction generator is pre¬ 
ferable to the synchronous generator. 

i'> There are two kinds of alternating-current generators: the 
synchronous generator, which is the ordinary alternating-current 
machine with "which we are familiar, and the induction gen¬ 
erator. Constructively, the stator or stationary structure of 
both types of alternator is practically the same in construction. 
It compnses a polyphase winding, in vrhich the electromotive 
force is induced by the rotating magnetic field, arranged in a 
laminated structure. The difference bet'ween the synchronous 
generator and the induction generator is in the rotor. In the 
synchronous generator this is a revolving magnetic field excited 

^ induction generator it contains 

a short-circuited winding the same as the armature winding 

induction motor. From this variation results 
production of the magnetic field which by its 
otation induces electromotive force in the stationary generator 

The m^g^etic field of the synchronous generator is 
tW ^7 of the direct current in the field poles; 

generator is produced by the reaction of the 
alternating currents issuing from the induction generator. As 

the synchronous generator must run in step with 

move ® system; that is, the rotor must 

SSIrnfl ttSn. ® every reversal of voltage in the 

iS steo S' f ® ^^duction generator cannot 

run m step with the frequency but must always run faster ex- 

„po„ the ioll 

which nroduppc- i-hp ^ ^ehort-circuited windings 

currents therein. That means that syt 

more sSfe the ''' induction generator. Furth^er- 

in sten -with anv n+ti ° ‘^^P^nd upon running 

the so-called hunting which rnkS^cur in ht .f f 

“ induction generator ^ 

magnetic field of the 

very ®ause of the 

S Sh nf fi, m tiieir performance. The mag- 

elSoSiv?fS therefore, the 

electromotivej^force induced in its armature deoends on fhp 

direct curreM s.pplied to its field wifidmg. 'bSTiseMM; 
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independent of the load of the marhlnp T+ ic i a . 

fector m°od“y 

bj’- the leaction of the currents issuing from the machiL The 

but fi r m on terminals and the load, 
the req'ot n,f ,VF +h^ f. machine is produced by 

voltage prodiiced at the induction-generator terminal’s hv the 

machines connected to the same system. * The 
induction generator depends in its magnetic field 'and voltage 

«ynchronous"machines inle tm 

i n t ;i i 1 sei^ei-ate only when connected to a system 
to rvliich synchronous machines are also connected whether 

™mur' . converters or equivalent 

* 1 p a, aiUis. It lias no vqltage of its own and cannot operate 

on a p'stem on which no synchronous machine is connected. 

•.1 ci such a combined system of synchronous and 

induction machines, therefore, is the regulation of the syn¬ 
chronous machines operating on the system. Any change of 
oad vanes the voltage as it would be varied if this change of 
load occurred on the synchronous machines in the system The 
induction generator is merely a machine feeding electric power 
mto the system but not participating in the voltage regulation 
or voltage control and having no direct effect on the voltage. 
While the si'nclironous machine at open circuit has a terminal 
VO tagc, tlie induction generator ceases to generate and has no 
volta,ge at its terminals at open circuit if it is disconnected 
Irom the alternating system. In a synchronous generator, even 
wjcn slicrrt-circiiited, tlie electromotive force" continues to 
be iuxiiKied in tlie aroiatiire windings because the magnetic 
field IS still there as produced by the direct current. The syn¬ 
chronous generator therefore has a short-circuit current which 
rnay be many times full-load current, since the total induced 
electromotive force must be consumed inside of the synchronous 
generator armature. An induction generator, when short- 
circuited, lias no voltage at the terminals, and therefore receives 
110 Inirrent, lias no magnetic field, and ceases to generate. In the 
induction generator when short-circuited, the curreiat dies down 
iiuin its ]}revious norrnal value to zero at a rate depending on the 
resistance and inductance of the internal circuit in -just the same 
manner as tlie current in a reactive coil, for instance, would die 
down wlien tlie coil is short-circuited and the impressed voltage 
withdrawn from it. The short-circuit current of the combined 
system o( syiichronous and induction generators is therefore 
only tlie sliort-circuit current of the synchronous generators. 

There results therefrom also the characteristic difference 
that tile synchronous generator can generate current of any 
character, energy, reactive or wattless lagging, or leading, 
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depending on the nature of the system to which it is connected, 
or the power factor of the supply system; while the induction 
generator can generate only energy current, and in addition 
continuously consumes or receives a certain amount of reactive 
or wattless lagging current required for its excitation. This latter 
it receives from the synchronous generators or the synchronous 
motors and converters in the system. The induction generator, 
therefore, cannot supply alone a general altemating-cuiTent 
system, for instance, a system of light and power distribution, 
which requires energy current, as well as reactive, or wattless 
lagging current; and where a combination of synchronous 
and induction generators is used, all the lagging current of the 
system must be supplied by the synchronous generators, and in 
addition the lagging current also consumed by the induction 
generator for its excitation. 

In a system in which there is considerable lagging current, a 
very large percentage of induction generators is a questionable 
advantage, since it may throw an excessive overload in current 
on the synchronous generators, the latter having to supply all 
the lagging current. On a system requiring no lagging current, 
or being built to supply lagging current, as rotary converters or 
synchronous motors, which is the type of system on which Mr. 
Stott’s generators operate and is usual in the large electric power¬ 
generating and distributing systems, mainly of 25-cycles, there 
is no lagging current required because the system can be run 
at unity power factor or even at leading current, and the syn¬ 
chronous motors and converters can be caused to ^supply the 
lagging exciting current of the induction generators. There the 
induction generator is at its greatest advantage. 

The difference may possibly be described by saying the syn¬ 
chronous generator generates electric current while the induc¬ 
tion generator generates electric power. That is, the synchronous 
generator supplies electric current to the system whether this cur¬ 
rent is a power current or a wattless, powerless current; the in¬ 
duction generator can supply only power current and no wattless 
current. The induction generator, therefore, is the typical 
•converter from mechanical into electric power. It consumes 
mechanical power, supplies electric power without depending 
in its supply on field excitation, speed, synchronism or any 
other feature. It is consequently the ideal machine to float on an 
alternating-current system, by receiving whatever mechanical 
power is available and supplied to it a low-pressure steam turbine 
from the exhaust steam of reciprocating engines; or in the hy¬ 
draulic turbine from whatever water power there may be avail¬ 
able; It receives the mechanical power and converts it into a 
proportional amount of electric power, at whatever voltage the 
system happens to run on, and at any speed, speeding up just 
above that for which the system is set by its frequency, but with 
no necessary regulation. Its straight and simple function is 
the conversion of one kind of energy to the other, separate entirely 
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iiom the problem of regulation and adjustment which is thrown 

whtV -f ™a,chmes in the same system. This is 

^^ induction generator a simple and convenient 

apparatus tor cases like that described in the paper and for all 
others where mechanical power is to be picked up from w'ater 

E-dVnt of possibly, to warrant 

in.stalLitipn ot specific regulating mechanism. 

1 interesting and somewhat unexpected result shown 

jy le tests, namely that the efficiency was found higher when 
operating the turbine with varying nozzle pressure than when 
operating with constant nozzle pressure. The explanation of 

bi Fig. i;:i and Fig. 14 . In the latter 
■ le etliciency of the low-pressure turbine is higher for constant 
nozzle pressure, just as expected, but constant nozzle pressure 
01. the turbine means constant exhaust pressure of the steam 
engine and _ with this and the varying load, as shown in Fig. 
r>, the efficiency ot the steam engine falls off, dropping from the 
inaxnnum point at a rate which is so much greater than the gain 
in, efficiency of the steam turbine that the combined efficiency 
snows an advantage in favor of varying nozzle pressure. This 
illustiates the fact that the turbine side is much less sensitive 
to variations of the^ operating conditions from its best condition 
than the steam engine is, and that to get maximum economy in 
the opeiatiiig conditions the engine should be favored. But 
uiat also throws a side-light on one of the reasons why the 
Rainune efficiency of the turbine is less than that of the steam 
engine part, because all the unfavorable conditions of oiDeration 
must lie thrown on the turbine side of the cycle to get maximum 
average resultant efficiency. 

idle gain in efficiency due to the addition of the low-pressure 
turbme is on the lower side of the cycle, because of the possibility 
ol extending the) expansion below the exhaust pressure of the 
low-piessuie cylinder of the steam, engine, an extension im- 
[lossilile with the reciprocating engine. The combined apparatus 
gains in the ability of the turbine to do what the reciprocating 
engine is not able to do. Ihis must be kept in mind when com- 
pmung the low^-pressure turbine and steam-engine plant wdth the 
higdi-pressure turbine plant. 

The reciprocating engine in general cannot gain by superheat 
as much avS the stealn turbine gains, and comparison of the com¬ 
bined efficiency of a saturated-steam reciprocating engine and 
low-pressure turbine with a high-pressure turbine is not quite 
fair to tlie latter, because on the high-pressure side, the steam 
turbine can get an additional gain in efficiency by using super- 
heat which the reciprocating engine cannot to the same extent, 
in compaiing things it is always difficult to get conditions which 
die equally fail to both types of apparatus because the conditions 
of proper operations are different in each. 

J. W. Lieb, Jr.: The author is somewhat optimistic in his 
estimate that it would be possible to realize as much as 20 per 
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cent of the installation cost from the sale of used apparatus. 
It would probably be necessary to accept a lower figure, but the 
result, however, would be still more in favor of the installation 
of the low-pressure turbines. 

In the application of the induction generator we have a solu¬ 
tion of the problem which combines simplicity of construction 
and operation with a minimum of installation cost. The in¬ 
duction generator is also of notable assistance in solving the 
otherwdse very difficult problem of handling through the avail¬ 
able types of switching gear the enormous energy which might 
with the usual types of apparatus be difficult to handle in case of 
a short circuit on the bus bars. 

The results of the condenser tests are particularly interesting 
on account of the high rates of heat transference, considerably 
in advance of the results hitherto attained. 

The paper is a notable contribution to the economics of power 
plant engineering and the apparatus described should serve to 
give a new lease of life to otherwise antiquated engine-driven 
equipments, although it would be difficult to find another case 
where the application could be made with such manifest ad¬ 
vantages. 

D. S. Jacobus: I visited the plant of the Interborough Com¬ 
pany while Mr. Stott’s tests were being made and desire to com¬ 
mend most highly the degree of accuracy observed and the 
general character of the work. 

The economy of all piston steam-engine installations may not 
be improved as much as 25 per cent by adding a low-pressure 
turbine. By examining the paper on tests made at the plant 
of the Pacific Light and Power Company at Redondo, California, 
presented to this Society by Mr. We^^mouth, it will be found that 
the heat consumption with a steady load with piston steam en¬ 
gines was about 24,800 B.t.u. per kw-hr. The heat consump¬ 
tion w^as obtained by dividing the heat of combustion of the oil 
burned at the boilers by the net electrical output in kilowatt- 
hours at the switchboard. The efficiency in the tests of the 
combined unit by Mr. vStott is 20.6 per cent based on the heat 
in the steam consumed, and if we take the efficiency of the 
boilers at 76 per cent, a figure obtainable with oil, the heat of 
combustion of the fuel burned at the boilers would be 21,800 B.t.u. 
The difference between Mr. Stott’s figures and those obtained at 
the Redondo plant is, therefore, about 12 per cent. There is a 
further allowance for the fact that the steam w^as superheated 
about 100 deg. fahr. in the Redondo tests and this wmuld increase 
the figure and make it come more than 12 per cent. It does 
not seem, possible that the introduction of a low-pressure steam 
turbine at the Redondo plant could ever reduce the heat con¬ 
sumption 25 per cent, bringing it down to 18,600 B.t.u. per kw-hr. 

The results obtained by Mr. Stott are very close to those which 
can be secured with large gas engines. ^ The economy of 21,800 
B.t.u. could be reduced with proper superheat to about 20,000 
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B.t.u. per kw~hr., which would be all that could be expected 
of a producer-gas plant if run on a commercial swinging load 
with high daily peaks and periods of low power. In a 15 days’ 
continuous test made at the Redondo plant where the load 
varied daily through a wide range from high peaks to periods 
where but little load was on the station and where there was a 
lay-over period of 4-|- hours per day, the heat consumption 
averaged about 25,000 B.t.u. per kw-hr. and it is questionable 
whether a producer-gas-engine installation could do very much 
better with a load of this character. 

Mr. Schauber: In regard to the statement that the result 
obtained with the engine-turbine-unit had closely approached 
the bCvSt efficiency obtained in gas-engine practice, I desire to 
call attention to the installation of four 2000-kw. units at the 
Illinois Steel Company, operating on blast furnace gas. Records 
kept for six months under working conditions show a con¬ 
sumption of 15,000 B.t.u. per kw-hr. at the switchboard. When 
this I'esult is compared with the 21,000 B.t.u. per kw-hr. at the 
59th Street station, the comparison is more in favor of the gas 
engine than the statement made in Mr. Stott’s paper. 

D. S. Jacobus: The 15,000 B.t.u. quoted by Mr. Schauber 
is based on the heat of combustion of the blast furnace gas used 
by the engines. If there had been a producer this value would 
correspond to that computed on the basis of the low heat value 
of the gas, and where allowance is made for losses through all 
auxiliaries, this figure would have to be divided by about 0.7 to 
give the heat units in the original fuel. This would give a much 
higher heat consumption, say, over 20,000 B.t.u. per. kw-hr. 

G. R. Parker: The question often arises as to the smallest 
.size of plant in which a low-pressure turbine can profitably 
be made, and while no accurate data is yet available, I^consider 
it doubtful if very satisfactory results can be obtained in plants 
of less than 300 or 400 kw. This is due to the fact that the actual 
cost of producing power in small installations, is not made up 
so largely of coal as it is in large installations, the labor and the 
numerous operating expenses constituting a much larger per¬ 
centage of the cost. 

A word of appreciation is due Mr. Emmet for the persistance 
with which he has worked on the problems of the turbine in¬ 
dustry, through many early trials and difficulties, until his latest 
and possibly his greatest achievement, which Mr. Stott ^ has so 
ably presented. I feel confident that engineering posterity will 

give due credit to Mr. Emmet. 

0. Junggren: The over-all efficiency shown by Test 51, 
Table 8, is 72i per cent of the total available energy between 
the steam entering the engine and the recorded exhaust pressure 
of the turbine. Test 42 shows an efficiency of 69.6 per cent, and 
another, 68.7 per cent under different conditions of load and 
vacuum. A high-pressure turbine, wbfking under the same con¬ 
ditions of steam pressure and vacuum, would probably not give 
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as high an efficiency over such an available range of load as that 
given by the combined unit, but a high-pressure turbine of 
approximately the same size could reasonably be expected to 
give 70 to 70i per cent at the most economical load, although 
fractional efficiencies would not be as good as for the combined 
unit. A high-pressure turbine would be considerably cheaper 
than the combined unit and in the near future high-pressure 
turbines will be made having as high an efficipcy as the com¬ 
bined unit, and still be cheaper than a combination of engine 
and turbine. The vacuum obtained in these tests are quite 
remarkable and show what can be done in actual practice. 

F. Samuelson said that the field for variable-pressure turbine 
work, not yet developed in America, has been fully opened up in 
England and the business is in a very healthful condition. Low- 
pressure turbines of various types have been employed and all 
are proving fairly successful. The chief difficulty in the in¬ 
stallation of these machines has been to meet the Board of Tmde 
regulations as to constant back pressure on hoisting engines. 
Accidents are sometimes caused by a drop in back pressure at 
the engine, due to demands upon the accumulator by the turbine. 
To prevent this trouble a simple automatic valve has been 
employed between the engine and the accumulator to shut off 
the supply from the engine when the accumulator pressure 
falls to atmospheric. While the regulating valve is <^losed 
the turbine is supplied with steam at a reduced pressure. This 
valve works equally well between the turbine and the accumula¬ 
tor, but the capacity of the latter is much reduced because of the 
small pressure limit between wdiich it operates. This results in 
the use of high-pressure steam in the turbine on short stoppage 


of the engine. ^ a n 

The Authors: Refiguring one of the assumed cards (Lard L, 

Table B) for 100 deg. superheat, we get an actual water rate ot 
12.9 lb. per h.p. instead of 13.6 with saturated steam, since the 
missing water and leakage is cut to less than 0.1 of the origina 
value in the high-pressure cylinder. As the missing water 
in the high-pressure cylinder forms about 0.6 of the total raissing 
water, we shall have 0.46 of the original missing water in this 
case, or 0.156X0.46 - 0.072, say roughly The B.t.u. 

supplied per hour — 12.9 X 9836 X l2o9 — 159,800,000. Radia¬ 
tion and conduction, 1 per cent == 1,598,000 B.t.u-hn Hig 
pressure cylinder work — 5080X2545 — 12,940,000 B.t.u-hr., 
this leaves 145,262,000 B.t.u. in the steam at high-pressure 


exhaust, or 


145,262,000 

126,900 


1145 B.t.u. per lb. At 52.2 lb. 


absolute, this corresponds to a quality of 96.8 per cent or 3.2 per 
cent moisture; of this about 2 per cent will be thrown down as 

receiver drain. 

The heat thus removed is 0.02X1*^6,900X253 = 643,000 
B.t.u., leaving 144,619,000 B.t.u. in 124,360 lb. of steam, de- 
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livered to the low-pressure cylinder. Low-pressure radiation, 
0.01 X 144, 619,000 = 1,446,000; low-pressure work = 4756X 
2545 = 12,100,000; leaving 131,073,000 B.t.u-hr., or 1065 B.t.u- 
Ib. which at 13.5-lb. absolute exhaust pressure gives a quality of 
91.5 per cent, or 113,800 lb. dry steam ayailable for the turbine. 
This will give 3,700 kw. on the turbine, which added to the 
6710 kw. on the engine gives 10,410 kw. at 12.18 lb. per kw-hr. 
as against 14.2 lb. with saturated steam. In actual practice the 
14.2 rate was cut down to 13.25, and it is reasonable to expect 
the same sort of result under superheat. 

The reciprocating engine, when designed for superheat, makes 
just as good use of it thermodynamically as a steam turbine, 
but will not stand so much superheat. The point has been 
raised, that a moisture correction on the turbine is not fair, since 
without reheating it is not possible to reduce the moisture in 
the turbine steam to zero. It is fair in this sense, that in order 
to compare the various water rates on the same basis, it is neces¬ 
sary to reduce all steam conditions to a standard and that 
standard is naturally dry steam. Moreover, when the moisture 
gets as low as 1 per cent or 2 per cent the correction is negligible 
in amount, and the curve of corrected water rate is substantially 
true. It is quite possible that a separator can be designed that 
will take out all but 0.2 or 0.3 per cent of moisture; and in this 
case the correction justifies itself. 

H. G. Stott: In reply to the question by Max Rotter as to 
whether it would be advisable bo install in a new plant such a 
combination as described in the paper, the accompanying dia¬ 
gram (Fig. 1) showing the factors entering into the cost of power, 
will answer his question. For example, with a low load factor, 
it is quite evident that the all-important point is to keep down 
the fixed charges, for when the load factor is less than 20 per cent, 
the fixed charges are of vastly greater importance than any pos¬ 
sible gain of efficiency due to a better type of prime mover. 
This is true of any plant, and the curve shows the futility of 
attempting to carry peak loads by means of gas engines, water 
power or anv other prime mover necessitating a large investment 
per kilowatt. On the other hand, with loads having a load 
factor of over 60 per cent especially where fuel cost is high? 
the investment factor is of relatively small importance, and the 
all-important matter is to keep down the maintenance and 
operating charges by using the most efficient^ type of plant 
obtainable, provided that it is at the same time thoroughly 

reliable. 

The total cost of power can be obtained from these curves 
by simply taking the sum of the ordinates above and below the 
axis for any load factor desired. 
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COST OF POWER. STEAM TURBINE PLANT. 


PLANT COST= $93.75 PER KILOWATT 
INTEREST, TAXES, DEPRECIATION, ETC.rrliy^ 
COAL AT $3.00-14,500 B.T.U. PER LB. 



$93.75! PER KILOWATT 




10 20 30 40 50 60 70 80 90 100 110 120 130 140 

PER CENT LOAD 

Fig. 1—Diagram of factors entering into the cost of powc: 
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ELECTRIC MINE HOISTS 


BY D. B. RUSHMORE AND K. A. PAULY 


Of primary importance in mine installations is the hoist, which 
has a very direct bearing on the successful operation of a mine. 
Conditions vary greatly with different mines, and especially in 
different localities. Such factors as depth, incline, the number 
of levels, permissible or desirable speeds, conditions of ore, etc., 
are always more or less special in each case. Veins of ore are 
never exactly duplicated, and the nature of the ground through 
which shafts are sunk may considerably modify permissible 
values. As mining laws are made by the different states they 
necessarily vary somewhat, and, even when not fully observed, 
they introduce factors which qualify the conditions of hoisting 
men and ore. The amount of timbering required is often of 
importance as relating to hoisting conditions. Methods of load¬ 
ing ore affect the time required, as also does the question of the 
use of cars or skips. Safety precautions must be very carefully 
considered, and the number of men in each mine, the'number of 
compartments, and often the method of removing water from the 
mine must have careful consideration .■ 

While a general discussion of the subject of hoisting is possible, 
most cases are entirely special and can be considered only in 
connection with the peculiar conditions pertaining to that par¬ 
ticular installation. 

The cost of installation of the hoisting plant may be an 
appreciable amount, while the cost of raising the ore may be 
but a small part of the total operating charge. In many cases, 
howeyer, the output of the mine, is limited by the capacity of the 
hoist, and the latter thus becomes of the first importance. Where 
shafts have not been sunk to their final depths the conditions 

249 



250 


RUSH MORE AND PAULY: 


[March 11 


of operation are of necessity constantly changing, and it is 
impossible to predetermine with exactness the precise conditions 
of operation which will be followed in practice. 

Power for Mines. Power is used for drilling, tramming, pump¬ 
ing, ventilating, hoisting, compressing air, crushing rock and 
for many minor operations. In coal mines, the washeries and 
breakers, and in metal mines, the mills and concentrators, are 
ordinarily located in proximity to the shafts. The problem of 
lighting always exists. 

Owing to the distances between different points of applica¬ 
tions of power, not only the question of utilization but also that 
of transmission becomes of importance. Three forms of power, 
steam, compressed air and electricity, are to be considered. 
Originally, of course, the power must come from coal or water 

power. 

Choice of System. The choice of the best system of hoisting 
in any particular case is the result of considering carefully many 
different factors. Most important among these is the cost of 
operation and installation. In this regard the location of the 
power house to ensure the best and cheapest supply of fuel and 
water is of primary importance. It is highly desirable to group 
a large number of mines, so that they may be supplied from one 
power station. As a rule, mining shafts are not well-situated 
as regards the supply of coal and water, so that it is usually neces¬ 
sary to transmit power for some distance, and this is best done 
by electricity. The problem then becomes one of the utilization 
of power, or the generation of electricity by means of steam 
turbines or gas engines. In metal mining, fuel is usually ex¬ 
pensive and often but little water is available at the mines, so 
steam hoisting engines are generally run non-condensing. Where 
the reverse is the case, it is in most cases cheaper to transmit 
electricity to the mines than to pump condensing water there. 

Efficiency of Steam Plants. Steam hoisting plants are known 
to be very inefficient, but the exact figures are usually difficult 
to obtain. With non-condensing engines and an extremely 
intermittent load on both engines and boilers, the economy 
necessarily is very poor. Steam engines must be designed for 
starting conditions, where they take steam under full stroke, 
and this necessitates their running with an early cut-off 
when hoisting. With a number of plants close together, 
there is no way of returning power, to the line or of smooth¬ 
ing the peaks of the load. It is impossible, when a steam 
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engine is used, to store power in retardation. There is also 
a limit in the depth at which steam engines can be satis¬ 
factorily placed, and their installation in mines is thus very 
undesirable. 

Advantages of the Electric System. In many cases the electric 
system of hoisting has advantages which give it decided prefer¬ 
ence. The powerhouse may have the most,, favorable location 
—power may be taken from some existing transmission system, or 
a water power may be developed for the purpose. Power may 
be centrally generated at the highest efficiency^ and distributed 
over a large area. Electricity is most easily applied to all 
work on both the surface and the interior of mines. One of its 
greatest advantages in practice is the ease of making extensions 
to the development. With one station and many individual 
loads, an overlapping of peaks occurs, and a consequent reduction 
in boiler and generating capacity is effected. The cost of in¬ 
stallation and operation is much reduced, a much improved 
load factor results and fewer operators are required. 

For underground pumping and tramming, and where the 
hoists are located in the mine, electricity has every advantage. 
For use with electric hoists, safety devices have been developed 
which prevent over-win ding and which also limit the acceleration. 
Power can be returned to the system in braking and in lowering 
unbalanced, and a much higher fuel economy can be obtained. 

The use of hoists operated by compressed air has long been 
considered and at present some installations are being made. 
With the usual features of such equipment it is necessary to cool 
the air during compression and to re-heat it before use. In 
general, serious questions would arise concerning the efficiency 
of any system using compressed air for hoisting. The efficiency 
of an electric hoisting system is not open to question, and can 
be figured with exactness. There is no reason why advocates 
of compressed air systems should not be required to give the 
same guarantees and to state positively just what efficiency they 
are sure of obtaining:. 

Motor Characteristic^^ 

Large electric mine hoists are almost universally driven either 
by shunt-wound'direct-current motors or polyphase induction 
motors, the characteristics of which especially adapt them to 
meet the peculiar conditions imposed. While in many of their 
characteristics these two types of motor are similar, they differ 
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widely in others, which are of more or less importance depending 
upon special conditions of individual cases. 

Fig, 1 gives the efficiencies, currents and speeds of the direct- 
current shunt motor at various loads for constant impressed 
voltage, and Fig. 2 gives similar curves for the induction motor, 
to which is added the power-factor curve. By reference to 
these curves it will be seen that the free-running speed of each 
motor is limited, and that the variations in speed with changes in 
load are small; that each becomes a generator when driven above 
speed, and may therefore be used as a brake when lowering un¬ 
balanced loads, returning power to the supply system; that the 
efficiencies of both when operating either as motor or geneiutor 
are virtually the same for corresponding loads. 

The speed of the shunt motor for a given load may be varied 
between standstill and full speed either by changing the potential 
of the supply system, or by inserting resistance in series with 
its armature. However, because of the inefficiency of this latter 
method of control, it is seldom, if ever, used in connection with 
large hoist motors. The only practical method of obtaining 
a similar variation in the speed of an induction motor is by 
changing the amount of resistance connected in its armature 
circuit. Fig. 3 shows the efficiencies of the shunt motor at 
various speeds when exerting full-load torque, the variations in 
speed being obtained by voltage control, and the efficiencies of 
the induction motor being under similar conditions, except that in 
this case the variations in speed are obtained by armature 
rheostatic control. By reference to the curves it will be seen 
that for a given torque, the efficiency curve of the shunt motor 
at reduced speeds resembles that for the constant speed motor at 
reduced loads, while the efficiency curve of the induction motor 
is a straight line between full-load efficiency and speed, and zero 
efficiency, and speed. From this it follows that, for a given 
value of torque, the input to the shunt motor at reduced speeds, 
except for very low speeds, is approximately proportional to 
the speed, while the input to the induction motor is constant 
and independent of the speed. It wdll also be noted that the 
shunt motor may be driven as a generator at reduced speeds, 
while the induction motor can be made to generate only when 
driven above synchronous speed. Where the conditions are such 
that it is desirable to drive the hoist at reduced speeds for any con¬ 
siderable lengths of time, the efficiency of the induction motor 
drive may be improved by using a motor designed for two speeds, 
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or by using a concatenated set, but the advantages gained 
are seldom sufficient to offset the increased first cost and the 
necessary complication of the control. 

The number of poles, and therefore the diameter of an in¬ 
duction motor, is determined by its speed and the frequency 
of the supply system, the number of poles varying inversely as 
the speed for a given frequency, while the frequency of the 
e.m.f. generated in the armature of a direct-current motor is 
independent of the supply system. While this is of little im¬ 
portance in the designing of motors of moderate speed for gearing, 



it permits of a better proportioning of the length and diameter 
of shunt motors of very slow speed than is possible in the case of 
similar induction motors for direct connection, especially where 
the frequency of the supply system is 60 cycles. 

As pointed out, the efficient speed control of the shunt motor 
is only obtained by varying the voltage of the supply system, 
the usual method being to provide a generator for each motor 
and varying the generated potential. As mine shafts are usually 
scattered over a considerable area, and the conditions in close 
proximity to the shafts are not such as to permit of the economi¬ 
cal generation of electric power, the central electric station is 
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usually placed at a considerable distance from the hoists, the 
power is generated and transmitted to the mines as alternating 
current and is then transformed at each shaft into direct current 
by motor-generator sets. The losses caused therein''must be 
charged against the shunt motor when comparing its efficiency 
with that of the induction motor, which may be connected 
either directly or through highly efficient static transformers 
with the alternating-current distributing system. The torque 
and current for the two types of motor are approximately pro- 
portional within their operating limits. 

Hoist Load Diagrams 

Before discussing the various systems of electric hoisting it 
will be well to consider the nature of a mine-hoist load. Mine 
hoists may be divided into six types, depending upon whether 
the rope is wound on a reel, a cylindrical drum, conical drum, 
cylindro-conical drum, Whiting drums, or carried over a Koepe 
disk, the choice of any particular type depending largely upon 
the depth of shaft, the maximum permissible hoisting speed, the 
location of the hoist with respect to the shaft, the number of 
levels which are being worked simultaneously, and whether or 
not the shaft conditions permit the use of a tail rope. 

The hoists are generally operated in balance, that is, the 
weight of the skip (or cage and car as the case may be) carrying 
the ore, is balanced by a similar empty skip which is lowered 
in a second compartment simultaneously with the hoisting of 
the loaded skip in the first, the loaded skip being dumped at the 
top and the empty one loaded at the bottom, and the cycle then 
repeated. To permit of adjustment of the length of the ropes 
for hoisting from different levels, it is customary to use two reels 
or drums mounted on the same shaft, one being keyed to the 
shaft and the other being driven by it through some form of 
clutch. The length of rope on the Koepe disk hoist or the Whit¬ 
ing hoist cannot conveniently be adjusted for different levels 
except within very small limits. 

For the purpose of comparing the load diagrams of the dif¬ 
ferent types, each hoist is assumed to lift 8000 lb. of ore in a 
skip weighing 5000 lb., from a vertical depth of 2500 ft. at an 
average speed of 2000 ft. per min., allowing 20 sec. for accelera¬ 
tion and 15 sec. for retardation. The rope for the reel hoist is 
assumed to be 5 inches x J indh, weighing 4i lb. per ft. and that 
or the others If inches round steel rope weighing 3 lb. per ft. 
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Reel Hoist, As its name indicates, the reel hoist consists of 
two large reels on which the rope supporting the skips is wound 
in a spiral, the distance between the flanges of the reels being 
approximately equal to the width of the flat rope used. The 
reel hoist is generally used where it is necessary to place the hoist 
very close to the shaft. As the minimum diameter of the reel, 
usually from 5‘ to 8 ft., is limited, and as its maximum diameter 
is determined by the thickness and length of the rope, the depth 
from which hoisting may be done at a given average speed by 

reel hoists is governed by the maximum permissible hoisting 
speed. 

Let us assume that the loaded skip is at the bottom of the 
shaft and that the empty skip is at the top. Then the length 
Ea of the ascending rope with the skip at any point in the shaft 
may be obtained from the equation 

La = D — 2'Kar^--Tict^b 

and its moment, ikf, about the drum shaft by 

Af 1 = {D — 2 a % Tc a? h) rn cos (f) 

in which D — depth of shaft j b — thickness of the rope j fi = the 
weight of the rope per foot; r, - the radius of the rope on the 
reel when the skip is at the bottom of the shaft; o = the number 
of turns of the reel in raising the skip from the bottom of the shaft 
to the point in question; r == T^-\-ab = the radius of the rope 
on the reel after a turns and (j) — the angle which the shaft 
makes with the vertical. 

The moment of the ascending load is obtained from the 
equation: 


M, - (W, + W,)r cos cf> 

where = the weight of the skip (or cage and car as the case 
may be) and = the weight of the ore. 

Plotting Afj and Afg 3'gciinst revolutions of the reel, we obtain 
curves Af^ and in Pig. 4. 

The moments M/ of the descending rope may be plotted from 
the values obtained for the ascending rope, by simply assuming 
the center of coordinates in Fig. 4 transferred from the left 
to the right side of the curves, turn No. 10 of the descending 
load corresponding to turn No. 81 of the ascending load, etc. 
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Similarly, tliG moment ^2^ of the descending load may be 
obtained by substituting W / for 14^3 in the equation for M 2 J 
and plotting as directed for the descending rope. 

Moments M^' and M.^ are plotted below the reference line, 
since their tendency to rotate the reel is opposed to that of M 
and M 2 . 

Denoting the moment of the total friction and windage by Mf 
the resultant moment Mq of the ascending ore skip, rope and 
friction and the descending skip and rope is expressed by Mq = 
M^-\-M2 — M/ — M2^ + Mf, which is the moment of the force, 
or the torque which must be applied to the reel to raise the ore. 

The moment Mf of the friction is extremely difficult to obtain, 
and varies considerably with local conditions, but it is usually 
assumed to be approximately 15 per cent of the average value 

ofikfj + d^2— 

During the period of acceleration, a force additional to that 
lequired to raise the load and overcome friction, must be applied 
to the reel for accelerating the reels, ropes, etc. Assuming a 
uniform rate of acceleration, the moment of the force neces¬ 
sary for accelerating the ascending load, rope and one reel and 
clutch, may be determined from the equation 



A bF5 

gta 


wheie A W = the sum of the weights of the skip, ore, rope, one 
reel and clutch, and sheave reduced to a common radius of 
gyiation p, S == the speed at the end of the radius of gyration 
in feet per second at the end of acceleration; g = 32.2, and ta 
.the time of acceleration in seconds. 

Similarly, the moment M^ of the force required for accelerating 
the descending skip, rope, etc., may be found from the equation 



A bF' 5 
g ia 


P 


where A W' = the sum of the weights of the descending skip, 
rope, reel, and sheave reduced to the radius of gyration p. 

S = 2 TT p R 

Where R f= the revolutions of the reel per second at full speed. 
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When the time allowed for making one complete tnp is given, 
R may he fotmd from the following equation 




—f+V fi’ 


2D 

T 


X 


r-.5 (<» + <r) 


Where T = total time of lift in seconds (not including time for 

loading or dumping). 
ta = for acceleration in seconds. 

= time for retardation in seconds. 

At the end of the cycle all of the energy stored in the revd^g 
parts of the hoist and its load is returned as the load is 
to rest. The moments M* and M/ of the retarding forces may 

he found from the expressions for M* and M,, 
substituting for I W^d 2 W'the correspondmg weights at the 

beginning of retardation. 

Throughout the cycle there is a gradual mcrease m the speed 
of the ascending ore skip and unwound rope, ^d a sirdar d - 
crease in the speed of the descending skip and 
hut the accelerating and retarding forces are small and their 

moments may be neglooted. ^ ^ 

The resultant moments M* and M. during the penods of 

acceleration and retardation respectively are expressed hy the 
equations 

M^ , Mo of Fig. 4 is' the resultant moment diagram for 

balanced hoisting under the conditions ^sumed. 

While hoists are generally operated in balance, it is freq y 
necessary to run them unbalanced for short periods whde rep^ 
are being made. The moment diagram Mo Mr for unbal¬ 
anced hoisting is obtained from the equations 

Ml =-^^+Mi-fMj-l-Mg 


Mo = 


M, 


l-M^g-l-M; 


M« = 


M, 


-f-Mg-l"Mg Mg 
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The speed of the ascending or descending skips in feet per 
minute, at any point, may be obtained from the equation 

V = 120 nr R 

Cylindrical Drum Hoists. The cylindrical drum hoist is the 
almost universally used for comparatively shallow shafts, 
and very frequently for the deeper ones. It consists of two 
cylindrical drums, upon which the rope is wound in one or more 

layers, the diameters of the drums varying from 5 or 6 feet to 
25 feet. 

The general equations for determining the several moments 
which make up the reel moment diagram, are made applicable 
to the cylindrical drum hoist by simply making h equal to zero. 

For the cylindrical drum 

R = X ~- 1 _ 

2 Ttr T .5 (t (2 -f tr) 

The moment diagrams for the cylindrical drum hoist are shown 
in Fig. 5. The notches in the diagram are due to the increase in 
diameter o‘f the drum with each layer of rope. 

By refeience to the figure, it will be seen that Mq, the resultant 
moment of the oie skips and ropes, is very large at the first part 
of the cycle and decreases very rapidly toward the end of the 
cycle, this being due to the influences of and Af,', the moments 
of the rope. This difference in Mo at the beginning and at the 
end of the cycle, incieases with the depth of the shaft, the weight 
of ore per trip remaining constant; or for the same depth of 
shaft with 1 eductions in the weight of ore hoisted, Mq often be¬ 
coming partially zeio or negative toward the end of the cycle. 
The harmful effect .of this extreme variation in Mq is two-fold. 
Piist, the engine must be larger than otherwise necessary in 
Older to start the hoist, and second, it operates at an inefficient 
cut-off at the end of the cycle. To reduce this variation in Mq 

at the beginning and at the end of the cycle, the conical drum has 
been introduced. 

Conical Drum Hoists. In the conical drum hoist, the ropes are 
wound in single layers on two large cones, the rope being wound 
from the small to the large end of the cone. The method of 
determining the moment diagrams is the same as for the reel 
hoist, making b equal to the increase in the radius of the cone for 
one turn of the rope. By reference to Pig. 6, which shows the 
moment diagrams for the conical drum hoist, it will be noted that 
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the unbalancing due to the rope in the shaft, has been entirely 
compensated for; in fact Mq actually increases toward the end of 
the cycle. By varying the angle of the cone, Mo may be made 
to increase or decrease toward the end of the cycle, or remain 
practically constant. 
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Cylindro-conical Drum Hoist. The use of the conical drum 
as was the case with the reel, is limited to comparatively shallow 
shafts. For depths below which the use of the conical drum is 
impracticable, it is necessary to compromise, using a drum which 
as its name indicates, is a combination of cone and* cylinder. 
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The rope is wound from the small end of the cone over the 
conical part of the drum in a single layer, then onto the cylindrical 
portion in one or more layers, depending upon the length of the 
rope. The load diagram is readily obtained by dividing the 
cycle into two parts, and treating the conical and cylindrical 
portions of the drum separately, determining the moments over 
the conical part as directed for the conical drum hoist, and over 
the cylindrical portion as directed for the cylindrical drum hoist. 
The moment diagram, Fig. 7 shows very clearly the effect of the 
conical portion of the drum, although the improvement in shape 
of the moment curve, over that for the cylindrical drum, is not so 
marked as it is for greater depths of shaft. 

Tail Rope, The skips or cages are sometimes connected by a 
tail rope which passes over a sheave at the bottom of the shaft, 
thus making the total weight of the ascending and descending 
ropes the same, independent of the location of the cages in the 
shaft. The effect of the addition of the tail rope is shown in 
Fig. 5, La, LqLr being the moment diagram resulting from the 
addition of a tail rope to the cylindrical drum hoist, which other¬ 
wise remains unchanged. 

Koepe Disk Hoist. A type of hoist very common throughout 
Europe, but which has never been installed in America, is that 
known as the Koepe disk hoist, which consists simply of a large 
grooved wheel over which the rope passes once, the friction 
between the disk and the rope being sufficient to move the cages 
or skips in the shaft. Hoists of this type are always operated 
in balance and a tail rope is used with them. They are not well 
adapted for hoisting from several levels, because of the fixed 
position of the cages or skips, which can be changed only with 
difficulty to correspond with different levels. The moment 
diagram of this type of hoist is similar to that of the cylindrical 
drum hoist with a tail rope, except that will be a horizontal 
line, the notches due to the different layers of rope on the drum 
not being present in the Koepe disk hoist diagram. 

Whiting Hoist. In order to increase the arc of contact between 
the rope and the wheel, Mr. Whiting substituted two narrow 
drums for the Koepe disk, the drums being placed one directly 
in front of the other, and the rope being passed four or five times 
over both drums. For the purpose of taking up the stretch in 
the rope and making small adjustments of the cages, one side of 
the rope is carried back over a moveable sheave mounted on 
a carriage resting on rails, the adjustments being made by chang- 
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ing the position of the carriage. Whiting hoists are always 
operated in balance and seldom if ever without a tail rope. 
The moment diagram is exactly similar to that of the Koepe 
disk hoist. 

The moment diagrams may be transformed into horse-power 
time diagrams by the use of the equation 

, 2 7c M R 

horse power = ~— 

550 

where M ~ the moment in pound feet and R = revolutions of 
the drum per second. 

The horse-power diagrams corresponding to the moment dia¬ 
grams of Figs. 4, 5. 6 and 7 are shown in Fig. 8, the curves for 
the balanced hoisting only being shown. Attention is called to 
the difference in the heights of the peaks during acceleration, the 
magnitude of these peaks having an important influence on the 
design of a motor for driving the hoist, its efficiency for the com¬ 
plete cycle, and the cost of power, if power is purchased. 

Systems op Electric Hoisting 

The early application of electric power to mine hoisting was 
confined to small hoists, moving cars on inclines or hoisting light 
loads vertically from comparatively short depths. The com¬ 
plete success of these early installations led to the use of electric 
motors for winding from greater depths, until to-day ore is 
hoisted by electric power from some of the deepest mines in 
the world. The use of electric motors for driving the hoists, 
permits of the substitution of a large central electric generating 
station, which operates at a comparatively high load factor and 
which is placed where the conditions are more favorable for the 
economical development of power than they are at the mines, 
in place of isolated steam plants located at the shafts where con¬ 
densing water is seldom available and where fuel is often ex¬ 
pensive. The speed of the hoist mofor when lowering un¬ 
balanced loads is automatically limited to approximately the 
hoisting speed. Safety devices in the nature of limit switches can 
readily be applied to prevent over-winding, and the acceleration 
of the hoist is made automatic; all of which tend to minimize 
the p^ibility of accident resulting from carelessness on the 
part of tW operator. Not only is the speed limited when lower- 
mf tinbalanced, but a large part of the energy, which with the 



268 


RUSH MORE AND PAULY: 


’March 11 


steam-driven hoist is absorbed by the brakes, is returned to the 
electric supply system, thereby improving the economy of opera¬ 
tion and reducing the wear on the mechanical brakes. 

Mar^ systems of electric hoisting have been proposed, each 
with the view of meeting some peculiar condition, or eliminating 
some real or apparent objection in the others, but virtually all 
the installations are confined to four systems, shown in Figs 9 
12, 15 and 20. To assist in the comparison of the several sys¬ 
tems, the authors have assumed a hoisting cycle, for both 
balanced and unbalanced operation, and have calculated the 



3-4-5-6-7 safety switche.s for preven- 
ng overwinding and stopping the hoist. No. 8 hoi.st motor No 0 
reversing switch. No. 10 liquid controller. No. 11, autoZuc brate 

assumed"'"'^ ^“^ditions 

of ?^nSfnhconsists 
of a. polyphase induction motor, direct connected or geared 

variable controlled by a 

ma^Studrof the 

waS rheostat A usually some form of 

tiS ,1 a a? f 1 ^^ "^®°®tat consists of a 

two 001^00 t together, and divided into 

cooHmr?^ i rheostat proper, and the other a 

cooling tank. The electrolyte is pumped from the cooling tank 
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steam-driven hoist is absorbed by the brakes^ is returned to the 
electric supply system, thereby improving the economy of opera¬ 
tion and reducing the wear on the mechanical brakes. 

Many systems of electric hoisting have been proposed, each 
with the view of meeting some peculiar condition, or eliminating 
some real or apparent objection in the others, but virtually all 
the installations are confined to four systems, shown in Figs. 9, 
12, 15 and 20. To assist in the comparison of the several sys¬ 
tems, the authors have assumed a hoisting cycle, for both 
balanced and unbalanced operation, and have calculated the 



reversing switch, No. 10 liquid controller, No. 11, automatic brake. 

current and power taken by each system under the conditions 
assumed. 

The first and simplest system is shown in Fig. 9; and consists 
of a polyphase induction motor, direct connected or geared 
to the hoist drum. The speed of the motor is controlled by a 
variable resistance in its rotor circuit, which, because of the 
magnitude of the currents, involved, is usually some form of 
water rheostat. A common type of water rheostat consists of a 
tank, usually of boiler plate riveted together, and divided into 
two compartments; one the rheostat proper, and the other a 
cooling tank. The electrol3rte is pumped from the cooling tank 
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into the rhoestat proper, entering at the bottom of the rheostat 
and flowing out over the top of an adjustable weir, back into 
the cooling tank. The resistance in the rotor circuit is varied 
by changing the height of the electrol 3 rte in the rheostat proper by 
means of the adjustable weir. . The electrodes are usually thin 
iron plates hung on insulators, all phases being in the same com¬ 
partment. At least one electrode per phase is of extra length, 
extending below the lowest level of the liquid, in order to prevent 


pH 


80 


40 



the rotor circuit from being opened. The most common form 
of electrolyte is a simple salt solution. The control of the rheo¬ 
stat is by means of a lever located on the operating stand. 

Figs. 10 and 11 give the current and power curves for one 
complete balanced and unbalanced cycle, respectively. . Fre¬ 
quently the cage is moved a few feet only, to obtain a proper 
setting of the cage or skip. The power taken for such short 
movements is shown by the right hand curves of Fig. 10. In 
these curves, as well as in those which apply to the other systems, 
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power delivered to the hoist is shown above the reference line 
and that returned by the hoist, below it. 

By reference to the curves, it will be noted that the horse 
power and current taken by the motor are constant during the 
period of acceleration; that the efficiency for this period is very 
low, approximately 45 per cent; that no power is returned to the 
supply system during the period of retardation, and that the 
power consumption for small movements of the cage or skip is 
very large. On the other hand, the efficiency during the period 



Fig. 12. —No. 1-2 line switches; No. 3”4 controller and resistance, 
induction motor; No. 5-6 Tirrill regulator and rheostat for ex¬ 
citer; No. 7~S~9 motor generator set; No. 10, commutating pole 
and compensating field winding; No. 11 safety device; No. 12 
hoist motor; No. 13 circuit breaker; No. 14-15-16-17 rheostat 
and controller for generator and hoist motor; No. 18 automatic 
brake solenoid. 


when the hoist is running at full speed is high, approximately 
90 per cent, and no power is consumed while the hoist is at rest. 

The efficiency over the complete cycle obviously decreases 
rapidly with a decrease in the time during which the hoist is 
driven at full speed. It follows from this that when hoisting is 
to be done from several levels, the efficiency at the maximum 
depth alone cannot be used as a basis for comparing the hoist 
driven by the induction motor with other systems. The effi¬ 
ciency of the cycle increases with an increased rate of accelera¬ 
tion, from which it follows that an induction motor for hoisting 
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should be designed for a high maximum output to permit of a 
rapid acceleration. 

The power returned to the system when lowering the empty 

skip unbalanced is shown by the right hand curves of Fig. 11. 

A comparison of the power taken by the motor in hoistinj^ the 

loaded skip with that returned when it is lowered empty, shows 

that approximately 20 per cent of the power taken for hoistinu 
is returned in lowering. 



power from the altematiiig-mmnt "oeivins 

synchronous or induction-motor-generator set'^'STi 

IS controlled by varying the voltage of the v. ! 
separately excited, one generator being used Sr each 

The powerand current curves for the h«l=. S ! ^ 

cycle, me shown in pige, 13 LpectS 

tut the power consumed Srat”!" 
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Fig. 14 
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smaller than for the induction hoist motor, the efficiency then 
being approximately 80 per cent, and that a considerable part 
of the energy stored in the'revolving parts of the hoist is returned 
to the supply system as the hoist is brought to rest. On the 
other hand, the efficiency when the hoist motor is running at 
full speed, is lower than that for the induction hoist motor, 
being approximately 82 per cent, and the losses of the motor- 
generator set when running light, must be supplied during the 
time when the hoist is at rest. In view of the fact that a mine 
hoist is idle 50 per cent or more of the time under ordinary con¬ 
ditions, this is an item in the total power consumption wliich 
cannot be neglected. It follows from what has been stated, 
that the advantage of the direct-current hoist motor over the 
induction hoist motor in the efficiency through tlie complete 
cycle is greatest for short lifts, in which case tlie period of 
acceleration is a large percentage of the total cycle and tlie time 
during which the hoist is idle is a minimum. 


By reference to the curves of Fig. 14 it will be seen tliat ap¬ 
proximately 30 per cent of the power consumed in hoisting the 
ore unbalanced is returned to the system when the skip is lowered. 

No definite rule can be laid down by wiiich a clioict; can btj 
made between the two systems, each having advantagt'S and 
disadvantages peculiar to itself which have a more or less imjiort- 
ant bearing on the choice, depending upon the special conditions 
of the individual problem. The first system has the advantages 
of low first cost and simplicity, but is often at a disadvantage 
in respect to efficiency. On the other hand, the higher efficiency 
of the second system is frequently more than offset liy its in¬ 
creased first cost and its greater cost of maintenance. 


Both systems are open to the objection that the power drawm 
from the supply system fluctuates between very wide limits 
during each cycle, generally reaching a maximum during accelera™ 
tion, becoming negative during retardation for the second 


sptem, zero, or practically so, at the end of the cycle, and nega¬ 
tive when lowering unbalanced for both systems. The effect 
of this wide fluctuation in the load during each cycle, is to seri¬ 
ously mpair the voltage regulation of the supply system unless its 
capacity is large as compared wdth the fluctuations, or unless the 
number of hoists driven from the same system is sufficient to 
produce a fairly uniform load, which is seldom the case for a mine 
power system. Also, if power is purchased, the price is usually 
made up of two components; one based on the total kilowatt 
ours consumed, and the other on the maximum demand. 
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It therefore becomes necessary in most cases to provide some 
means whereby power may be taken from the supply system 
and stored during the portion of the cycle when the demand for 
power is less than the average, and returned when the demand 
exceeds the average. 

Fig. 15 shows such a system, the third, in which advantage 
is taken of the low first cost and efficiency of the flywheel as a 
means for storing and returning large quantities of power for 
short intervals. This system is similar to the second, except for 



, 15.—No. 1~2 line switches; No. 3-4 slip regulator; No. 5-6 Tirrill 
regulator and rheostat; No. /—S—9—19 fly-wheel motor generator; 
No. 10 coniniutating pole and compensating field winding; No. 11 
safety device; No. 12 hoist motor; No. 13 circuit breaker; No. 14- 
15-16-17 rheostat and controller of generator and hoist motor; 
No. 18 automatic brake solenoid; No. 20 speed limit device. 


the addition of a flywheel to the induction motor-generator 
set, and an automatic regulator for varying its speed. In its 
most common fonn, this regulator consists of a water rheostat 
connected in seiies with the induction motor armature. The 
resistance is varied by means of moveable electrodes suspended 
from an arm mounted on the shaft of an induction motor, which 
is connected in series, either directly or through series transform¬ 
ers, with the induction motor of the flywheel set. The regulator 
motor is so connected that its torque opposes the weight of the 
electrodes, which are partially counterbalanced to reduce the size 
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gyration in feet, and the speed in revolutions per minute, tlie 
weight of a wheel required to deliver any number of horse power 
seconds from 0 to 100,000 with any change of speed from 10 per 
cent to 70 per cent may be obtained by the use of this diagram. 
To find the weight of a wheel, begin with the curve in the upper 
right hand corner of the diagram, and follow the line correspond¬ 
ing to the per cent change in speed until it intersects the curve, 
and then to the left until it interesects the line corresponding 
to the radius of gyration of the wheel, and so on as indicated 
by the dotted line, which assumes a wheel having a radius of 
gyration of 4 feet, running at 600 rev. per min. and delivering 
25,000 horse-power seconds with a 20 per cent drop in speech 
The effective weight of the wheel is approximately 39,000 lb. 
From the shape of the curve in the upper right liand corner, it 
follows that the vreight of the wheel increases very rapidly for 
drops in speed less than 15 per cent, and that little is gained by 
increasing the drop beyond 35 per cent. On the other hand, tlie 
cost of the motor and generator decreases, and the efficiency of 
the induction motor increases, and therefore the ])ower consumed 
per cycle^ decreases as the drop in speed decreases. The usual 
practice is to allow approximately 15 per cent drop in si)eed 
for balanced operation, but as the flywheel must take care of the 
unbalanced cycle without reducing the speed of the generator 
so low as seriously to affect its commutation, it is necessary to 
vary this value considerably in special cases. 

The power and current curves for this system are sliown in 

Figs. 18 and 19. The drop in the power curve of the l)alanced 

cycle during the period of rest, is due to fact that tlie regulator 

IS set for the maximum condition, which in this case is hoisting 

unbalanced, this setting being above that required for the 
balanced cycle. 

The fourth system is used when, for the purpose of meeting 
some peculiar condition, it is advisable to-drive the hoist by 2 
lyuction motor and at the same time eliminate the peaks from 
the station load. The adoption of this system is warranted when 

underground at such a distance from the 
rtace that it becomes necessary to transmit power to it by 
a emating current, and when the shaft is not large enouLdi to 
auow ,he flywheel of .he „o.o. geheeatorse., .o 

Fig. 20 shows this system, which it will be noted is the first 
sys em, to which has been added a converter equalizer, consisting 
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of a rotary converter connected on the alternating-current side 
to the supply system, and on the direct-current side to a motor 
driving a large flywheel. The field of the direct-current motor is 
controlled by a regulator actuated by the line current. When 
the power taken by the hoist motor drops below the average, 
the field of the motor is automatically reduced, and the flywheel 
is speeded up, the power being taken from the supply system. 


Pu 



When the hoist-motor load exceeds the average, the operation is 
reversed, the flywheel slowing down and returning power to the 
system. 

Fig. 11 gives the current and power curves which are those of 
the first system to which has been added the input curve with 
converter equalizer. The efficiency of this system is generally 
slightly lower, and the weight of the flywheel is slightly greater 
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than for the direct-current motor and the flywheel motor-genera¬ 
tor set. It has the advantage, however, over the third system, in 
that the operation of the hoist motor is not dependent on the oper¬ 
ation of a converter equalizer. Consequently in the event of the 
failure of the latter, hoisting may be continued, providing, of 
course, that the capacity of the power system is sufficient to 
take the load, which would be the case if the equalizer were 
used simply to reduce the power bill. 

Either the third or the fourth system may be used where the 



Fig. 20.—No. 1-2 line switches; No. 3-4-5-6-7 safety switches for 
preventing overwinding and stopping the hoist; No. 8 hoist motor; 
No. 9 reversing switch; No. 10 liquid controller; No 11 automatic 
brake; No. 12-13 fly-wheel dynamo; No. 14 rotary converter; No. 15- 
16 Tirril regulator and rheostat. 


supply system is direct current, by substituting a direct-current 
motor for the induction motor of the fly-wheel motor-generator 
set in the third system, and omitting the synchronous converter 
of the fly-wheel converter system in the fourth. 

Among other systems of electric hoisting which might be men¬ 
tioned, is the Creplet system, in which a booster driving a heavy 
fly-wheel is connected in series with the hoist motor and the supply 
system. The booster is wound for the same potential as the 
supply system, and the hoist motor for twice this potential. 
When the hoist is idle, the hoist motor armature is short-cir- 
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cuited, the booster is thus connected across the supply system 
and the speed of the flywheel is at its maximum. To accelerate 
the hoist, the shoid-circuit is opened, and the potential of the 
booster is gradually reduced to zero, reversed, and brought up 
to full potential in the opposite direction, the power stored in the 
flywheel during the idle period being returned. 

It has been proposed, and at least two installations embodying 
the idea are now in process of construction, to substitute com¬ 
pressed air for steam. The present hoist engines would be used 
with slight modification of their valves to accommodate them to 
compressed air, the compressors for supplying the air to be driven 
by electric motors. It is impossible, however, to gather sufficient 
details regarding the system to predict the results which will be 
obtained. 

A typical mine-hoist log is given in Table A, which is the 

condensed log for 24 hours, taken at a mine under actual con¬ 
ditions. 


TABLE A 

TIME IN MINUTES AND SECONDS 


Interval 

Hoisting 
. ore 

Hoisting 

men 

Hoisting 

waste 

Other 

hoisting 

Shifting 

Rest 

7-8 A.M. 

— 

10-2 

6-37 

6-28 

7-39 

29-14 

8-9 

24r—5 

— 

3-0 

2-47 

6-44 

23-24 

9-10 

14-2 

3-55 

5-0 

6-12 

15-15 

15-56 

10-11 

30-25 

— 

12-0 

1-30 

8-35 

7-30 

11-12 M. 

57-55 

— 

— 

1-5 

1-0 


12-1 P.M. 

3-35 

1-0 

17-5 

2-55 

4-29 

30-56 

1-2 

51-10 

1-50 

— 

1-45 

4-0 

1-15 

2-3 

20-10 

— 

— 

2-40 

12-5 

25-5 

■ 3—4 

44-0 

— 

— 

0-51 

5-25 

9-44 

4-5 

— 

7-38 

— 

1-25 

0-38 

50-19 

5—b 

“ 

— 

— 

— 

0-35 

59-25 

6-7 

— 

13-8 

— 

1-23 

0-27 

45-2 

7-8 

21-27 

— 

16-42 

1-54 

2-1 

17-56 

8—9 

51-7 

1-S 

— 

4-57 

1-59 

0-49 

9-10 

54-17 

— 

— 

1-30 

1-30 

2-43 

10-11 

48-22 

1-42 

— 


2-53 

7-03 

11-12 M.M. 

— 

— 

8-39 

4-16 

0-40 

46-25 

12-1 A.M. 

34-51 

1-52 

— 

— 

0-30 

22-47 

1-2 

53-14 

— 

— 

2-49 

— 

3-57 

2-3 

50-25 

— 

— 

1-10 

— 

8-25 

3-4 

— 

7-50 

* _| 

25-43 

1-0 

25-27 

4^5 

— 

— 

— 

55-47 

0-34 

3~39 

5-6 

— 

— 

— 

5-14 

__ 

54-46 

6-7 




3-09 


5&-51 


Table B gives a condensed summary of this log, and also that 
of another mine under actual operating conditions. 
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TABLE B 




Mine A 


Mine B 


Min. 

Sec. 

Per 

cent 

Approx. 

min. 

Approx, 
per cent 

Hoisting ore and waste.... 

628 

i 

8 

43.7 

428 

30 

Other hoisting. 

1 

isr> 

15 

12.9 

171 

12 

Shifting. 

77 

59 

5.4 

120 

8 

Rest. 

648 

38 

38 

721 

50 


The estimated distribution of power consumed for hoisting 
is given in Table C. Attention is called to the close agreement 
between the estimates for the power consumed in hoisting ore 
and waste, which, in view of the fa,ct that the estimates were 
made entirely independent of each other, should add considerable 
weight to the figures. One estimate is based on figures obtained 
by indicating the hoisting engine, and the other forms the basis 
for the distribution of the costs of hoisting. 


TABLE C 



Distribution of power in per cent of total 

Mine A 

Mine B 

Hoisting or© and waste...- 

56 

61 

Other hoisting. 

28 

23 

Shifting..... 

17 

26 

1 


The curves in P^ig. 21 give the total tons hoisted, and the total 
kilowatt hours consumed (per day of 24 hours), the kilowatt 
hours consumed per ton (200a ib.) foot, and the load factor for 
each of the four systems when, hoisting 10,000 lb. per trip in 
balance from vertical depths, varying from 400 ft. to 2600 ft. 
by a reel hoist. Fig. 22 gives similar curves for hoisting 20,000 lb. 
of ore per trip in balance, from depths varying from 3000 ft. 
to 8000 ft., by a cylindrical drum hoist, the shaft making an 
angle of approximately 38 degrees with the horizontal, and the 
depths being measured on the incline. 
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Table D gives the power consumption, for the various systems 
for hoisting 6000 lb. in balance from one level in a compoun 
shaft, the hoist load diagram for which is given in Fig. 23. The 
shaft drops vertically 800 feet and then continues for 1320 eo 
on an incline of 38 degrees with the horizontal. 


TABLED 



Power for hoisting 
in kw-hr. 

Power for hoisting 
in kw-hr, ton ft. 

Total 

tons 

hoisted 

JUo&d 

factor 

First system.... 

3900 

0.00307* 0.00234t 

786 

35 

Second ** .... 

3450 

0.00272 

0.00206 


19.2 

Third “ 

4019 

0.00315 

0,00240 


62 

Fourth “ .... 

4910 

0,00386 

0.00295 

it 

63.6 


♦ Values are based on the total vertical lift 1613 feet, 
•j* Values are based ou the total distance lift 2120 feet. 


The values given in these curves and table, include tlie power 
consumed in ‘‘ other hoisting ’’ and shifting on the assump¬ 
tion that the power consumed in hoisting ore is 53 per cent of the 
total power. Also in the values for the s 3 mchronous motor-gener¬ 
ator set (second system) no credit is allowed for the power re¬ 
turned during retardation. 

These curves and table show clearly the efiEect of "the shape of 
the hoist diagram on the power consumed by the various systems. 
At the upper levels the period of acceleration is; a large part of 
the total cycle, and we find the power consumed by the induction- 
motor hoist to be greater than that for the hoist driven by the 
direct-current motor, power for which is supplied by a syn¬ 
chronous or induction-mot or-generator set. In the ^case of the 
cylindrical drum hoist, for which the peak during, acceleration 
is much greater than for the reel hoist, the power consumed by 
the induction motor is greater for all levels. Also a similar 
relation exists in the power curve, when a cpnveiter equalizer or 

a flywheel motor-generator set is Used. . ^ ^ ^ 

If a cylindrical drum is used instead of a reel, the curves of 
Pig. 21 for the direct-current hoist motors will remain practically 
the same, but those for the induction hoist motor will be raised, 
crossing those of the synchronous motor generator set toward 
the end of the curve; and if a cylindro-cohical drum is substituted 
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for the cylindrical drum of the larger hoist, the induction-motor 
curves l^ig. 22 will approach those for the direct-current hoist 
motor. 

TIh^ values for the ditlcrent levels, shown by the curves, are 
Inised on the ussumiHion that all the ore is taken from the 
corresponding levtd. Where ore is hoisted from several levels, 
the itdal |H>wer consumption per <iay may readily be obtained 
from the power consumption per ton foot, or by use of the curves 
of “ Total Tons Iloisted and '' Power for Hoisting in Kw-hr.” 

While the curves given, cover specific cases only, the examples 
chosen are typical, and by interpolating between the power con¬ 
sumed per ton foot for the ,8000 ft. and that for the 2500 ft. 
Innsts, the power per ton foot may be obtained for hoisting from 
any depth. Due correction is to be made for the inclination of 
the HOOO ft. shaft by dividing the values given by 0.616 to obtain 
the equivalent values for a vertical shaft. From the total 
kilowatt hours consumed per day and the load factor, the cost of 
power for hoisting electrically can readily be obtained. 


TABLE E 



Coal 
burned 
tons 
per day 

Ore 
hoisted 
tons 
per day 

Tons ore 

tons coal 

m 

tltiwiing frcim StKJO ft. level nmall hobt; 





47.0 

1780 

40 

First iyitem.. 

13 

«« 

137 

SAKontl ** ...........It. 

16 

si 

119 

Ttiini " .... 

16 

II 

ilO 

Fourth ... 

16 

41 

U» 

Hoiiiling from SCKK) ft. level large haiiit: 





66.6 

1680 

24 

Flret fyetein....... ......* • • 

23 

u 

69 


24 

4l ; 

66 


25 

M 

63 . 


27 

44 

69 


A comparison between steam and electric hoisting, is given 
in Table E in which the coal and rock ratio for each are given 
for the 2000 ft. and the 60(W ft. levels respectively.^ In deter- 
Tnining these values, it is assumed that the steam hoisting engines 
are non^condensing, that the steam consumptions are 65 lb. 
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and 55 lb. per indicated horse-power hour respectively for the 
large and small'hoists, and that power for the electric hoists is 
supplied from a modem steam-turbine station using units of 
1000 kw. each, oir larger for the smaller hoist and 2500 kw. or 
larger for the larger hoist. 

In deteimining these ratios, 10 per cent has been added to the 
total kilowatt-hours per day as given in the curves, to cover the 
losses in transmission. 

In addition to the saving in fuel which may be realized by the 
use of electric hoists, there is a very material reduction in the 
labor, the cost of which is chargeable against the hoist. This may 



I —I-1_1 LJLJ-li ^_L_LJI_1_U ^_1 1_ILJjJ I_! !_I ^ I ^_I_^_L_ 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 

TIME IN SECONDS 


Fig. 23 

amount to the wages of one or two men in the boiler house if 
power is developed by the mining company, or of the whole boiler- 
house force if power is purchased, and frequently the wages of 
one man in the hoist house. 

So many factors which vary between wide limits for different 
localities enter into the comparative costs of hoisting electrically 
and by steam, that each individual case must be treated by itself, 
but the following comparison will serve as an indication of the 
general result of a more detailed investigation. 

Take for example the reel hoist, the power curves for which 
are shown in Fig. 21, and assume that the average condition 





1910] 


ELECTRIC MINE HOISTS 


2S9 


of hoisting is that represented by hoisting from the 2000 ft. 
level; that good steaming coal can be purchased for $3.50 per 
ton; that power can be pttrchased for the equivalent of 1.1c. 
per kw-hr., on a 50 per cent load factor, and, if steam driven, that 
the engine will be non-condensing. 

In order to obtain a load factor of 50 per cent, it will be neces¬ 
sary to install either the third or fourth system of electric hoist¬ 
ing, and, to be conservative, let it be assumed that the third is 
chosen. 


Total cost of po'wer per year for electric hoist at 1.1c. per 

kw. hr...S35,300 

Fixed charges on the excess cost of the electric over the 
steam hoist (approx. $26,000). 2,500 


137,800 


14100 tons coal at $3.50 per ton...$49,350 

Boiler-house force (3 men at 13.25 per day). 2,925 

One oiler.. 900 


$53,175 

37,800 


Approximate annual saving with electric hoist.$15,375 


As this saving of $15,375 is the result of an additional ex¬ 
penditure of $25,000 for the electric hoist, it is proper for a new 
installation to base the rate of interest equivalent’to this saving 
on this additional first cost, from which it follows that the 
interest realized on this investment is 61.5 per cent. If, on the 
other hand, it is. a question of replacing an existing steam hoist, 
the interest should be based on the total cost of the electric in¬ 
stallation, in which case the very substantial rate of 30 per cent 
will be realized. 

The hoist, above all other parts of the mine equipment, must 
he kept in commission at all times, and this fact must be borne 
in mind in installing an electric hoist. The transmission lines 
must he carried on substantial poles over a well-cleared right- 
of-way, duplicate lines being installed where possible and the 
lines being adequately protected against disturbances from 
lightning. If these precautions are properly taken, the electric 
can be made as thoroughly reliable as the steam-driven hoist. 
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Summing up, the advantages of the electric hoist are: first, 
greater economy, resulting from the centralization of the de¬ 
velopment of power in a large central electric station, favorably 
located for the economical development of power and from a 
reduction in the operating force, from the increased life of the 
rope and the greater life of the brakes; second, greater safety 
in operation; third, especially, adaptation for underground in¬ 
stallations, and fourth, the fact that it permits of the utilization 
of water power which is frequently available in mining districts. 



A i>aper presented at the meeting of the 

American Institute of Electrical Engmeers^ 
JVeiv FtJr/r, March Id, 1910. 

” Copyright, 1910. By A. I. E, E. 


LARGE ELECTRIC HOISTING PLANTS 


BY WILFRED SYKES 


The development of large electrically-driven hoisting plants 
has gone on simultaneously with that of balancing systems de¬ 
signed to equalize the input, thus relieving the generating stations 
of excessive peak loads. It will be readily understood that 
success from a commercial standpoint could hardly be hoped 
for with large plants requiring a maximum of 2000 or 3000 
horse power unless the average load had some reasonable rela¬ 
tion to the maximum, excepting, of course, those cases where 


the generating stations were of such capacity that the peak 
loads did not interfere with the operation or regulation of the 
plant generally. Such cases are, however, seldom met with, a 
notable instance being the mines at Johannesburg, which are 
to be supplied with power by the Victoria Falls Co. There it is 
intended to use three-phase motors up to 2000 h.p. maximum for 
hoisting, but owing to the large amount of power required for 
other purposes, the peak loads due to these motoi’s will not 
materially affect the generating stations, which will have a 
capacity of about 100,000 kw. In the majority of cases where 
electric hoists are used the mines have either their own generating 


plants or purchase power under such conditions that the cost 
is materially affected by the load factor, and for economical 
working it is essential that the average load should be as high as 
possible. When a mine generates its own power it will usually 
be found that the proportion of the hoisting load to the rest of 
the requirements is very large, especially with deep mines, and 
the peak loads necessitate special provision being made to 
prevent them from interfering with the operation of the other 
part of the plant. The success of electric hoisting plants in 
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Europe when motors up to 3500 h.p. have been used, superseding 
steam hoists, has demonstrated that by carefully studying the 
subject there is no difficulty in securing very satisfactory results, 
not only from an operating, but also from a commercial stand¬ 
point. When considering large hoisting plants with the idea of 
driving them electrically it is essential that the load charac¬ 
teristics should be carefully studied, to determine not only the 
correct size of the machine, but also the system to be adopted. 
With steam-driven hoists this is not absolutely essential, for 
since the worst conditions are provided for, they cannot very well 
be overloaded; but as the output of electric motors is usually 
limited by the heating, rather than by the maximum safe load, 
the output at all points of the hoisting period must be known in 
order to design intelligently the electrical part of the equipment, 
including also any equalizing system which may be adopted. 
In this paper it is proposed to describe briefly some methods 
used by the author for the determination of load diagrams and 
also the characteristics of balancing systems and their economy. 

Cylindrical drum hoists. This is the most common type of 
hoist and the load diagram is very simply obtained. Dealing 
first with a single-drum hoist, with one cage without any counter 
balance, the static moment at the beginning of the trip will be, 

M ^ {W+Rl+C) r+F^A 

when M =* total moment or torque in ft. lb. 

R == weight of rope per ft. 

I = depth of shaft in ft. 

C = weight of cage in lb. (including cars), 
r = radius of drum in ft. 

F = total friction expressed in ft. lb. 

A = accelerating moment in ft. lb. 

W ^ weight of load to be hoisted. 

As the cage is hoisted, rope will be wound oh the drum and 
the load will be correspondingly reduced. With electricd^^ 
driven hoists the rate of acceleration is usually constant so thaC 
the distance traveled during this period will be 

when S = full speed of hoist in ft. per second. 

/ = time of acceleration. 
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Therefore, at the end of the accelerating period the load will be, 


M, ^(w+C+Rl- — 

The hoist having reached full speed the accelerating moment 
drops out giving, 


r + F + A 


M^=(w + C+Rl-^-^'j r+F 

During the full speed period the load will be uniformly reduced 
by the rope wound on the drum until at the end of this period 
there remains only the amount of rope corresponding to the 
distance traveled during retardation, or,. 

M, = + C + 

when 4 = time of retardation. 

To bring the load to rest the energy stored in the moving parts 
must be absorbed either in lifting the load or by the brakes. 
At the beginning of retardation the load is therefore, 

M, =(w + C+Al^—'j r+F-V 

when V == retarding moment. 

At the end of the trip the load will be, 

M, - (WAC) r + F-V 

Considering the case of a double-drum hoist, the conditions 
are somewhat different as the cages balance one another. At 
starting we have . 

M ^ (lV+Rl)r+F + A 

During acceleration the weight on the loaded side will be re¬ 
duced by that of the rope wound on the drum, but from the 
second drum a corresponding length of rope will be unwound 
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SO that the effective load will be reduced by twice the weight of 
the rope wound on the drum, or, 

Ml - (1^ + i^/ -^StxR) f + F + yl 

At the beginning of the full speed period the load is as above 
except that there is no accelerating moment. The load con¬ 
tinues to decrease as the rope is wound on one drum and off 
the other, until at the end of the full speed run we have, 

M3 = (W--Rl + St,R)r + F 

At the beginning of retardation the load is 

M, = r + F-V 

and at the end of the trip, 

M, = (W-Rl) rFF~V 

In order to work out the load diagram as above, it is of counse 
necessary to have such data as weight of load, rope, cages, etc., 
but on the question of time and speed, acceleration and fiiction, 
a few remarks may not be out of place. 

Time. As usually presented, the problem is to obtain a cer¬ 
tain maximum output per hour, usually a good deal more than 
the average, so as to allow for delays. A certain time will be 
required for changing the cars and after deducting this from the 
time per trip, the actual hoisting time is obtained. This of 
course applies to balanced hoisting and, with a single cage, time 
must be allowed for lowering. If we suppose that our ex¬ 
perience indicates that a certain period, ^-1-^2 will be reasonable 
for acceleration and retardation, the full hoisting speed will be, 



T — 


when T = actual hoisting time; or supposing that the full 

speed is given, the time available for acceleration and retarda- 
tion is 
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Acceleration and retardation. The accelerating moment will 
depend upon the total mass of the moving parts and the velocity. 
It will generally be found convenient to reduce all the moments 
of inertia to tlie drum radius. The total will be made up of the 
load, cages, ropes, sheaves, drums, gearing and motor, the first 
tliree of which can be readily determined. The inertia of the 
sheaves will depend on the design, but if data are not available 


W r? 

we may approximate by taking- - 


25 f/ for each sheave; 


wlien f's — radius of sheave, and for each of the drums 100 W' 
wlien W' = width of drum. These are of course only rough 
guides and the actual figures should be obtained if possible. 
If the weights are known it is safe to take the radius of gyration, 
or = O.Sr, in calculating the inertia. The gearing, if any, 
must be worked out from the weights and dimensions and the 
motor data can only t:)e obtained by making a rough estimate of 
tlie size and picking out a suitable machine. The total amount 
of inertia /j, i*educed to the drum will be therefore, 


Traveling parts 


4 ^ 21R + 2C) 

..l2 ‘ 


Sheave 25 


■ ffuftrt f u t ] - . n m I 

S /A I I 

\r / 


Drum 100 r- I t 


Wr - / 0 Wr '' / O \' 

(hairing + D,iX, 


etc. 


otor 


Vr^ 

■ ■" .. 


Whiai r.; “ radius of sheave in ft. 

O “ spcicd of drums in rev. per min. 

(\ (h ““ speed of the different parts of the gearing, Oj, 
being main gear ~ O, 0^ — countershaft speeds and so on, 
each part of the gearing being worked out separately, Ms = 


Tlie angular velocity of the drum is, 

2nN 

(0 - g y - 


when N = rev. 


per mm. 
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The accelerating moment is 






and the retarding moment 

Y — ^ 

^2 


Friction. The friction is very difficult to determine, as it 
varies with the condition of the shaft, cages, sheaves, hoist and 
speed. For moderate speeds the friction may be taken for a 
direct-coupled hoist as being equal to an extra load of from 5 per 
cent to per cent of the total suspended weight, including 
ropes, cages and load, and with a geared hoist, from 7 ^ per cent 
to 10 per cent, but this is only a rough guide and it is necessary 
to depend on experience more than anything else. Instead of 
calculating the static moment of the load at various points a 
very simple graphic method may be used. Referring to Fig. 1 
draw c d and efoX right angles to a b, the distance between them 
being equal // 5 , and on c d lay off to a suitable scale the value 
corresponding to F, drawing gh parallel to ab, and above 
this, fix the point x~ (W ~\-Rl) r, and also on ef sot off the value 
y ~~ (yil — HT^ either side ot c d and e f draw the verticals 

j k and Im and no and p q at a. distance representing half the 
period of acceleration and retardation respectively. Connect 
^ y and draw the horizontals x w and y v. From the point where 
xy intercepts Im and no, draw x'w and y^v. On jw from w 
set off the value corresponding to the accelerating moment 
and draw- parallel to w x', x^ and on v q from v the retarding 
moment z;, drawing parallel to y, z;, The complete torque 

diagram IS the area kw^ x., x' y, y, q and the total running 
line IS shown by To convert the values in ft.db. to horse 
power we must multiply by the angular velocity co and divide 
by 550 . For practical purposes we may consider that the cur- 
rent taken by the motor will be proportional to the torque and 
as the heating depends upon the current, the torque diagram must 
be taken as the basis for calculating the capacity of the machine 
required. The usual method is to assume that the heating varies 
the square of the current and that the heat is carried away 
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from the motor at a constant rate. On this basis the size of the 
motor would be, 




HP 


V 


xt+ 


HP^+HP‘‘ 


Xh+ 


HP^ + HP„^ 


Xt, 


Tr 


when HP^HP^HP^HP^HP^ and H Pg correspond to the 
values at w-^ ^2 respectively, 



t, and = time of acceleration, constant speed and retarda¬ 
tion respectively, 

Pi = total time for each trip, including the period of rest. 


This assumption is not altogether true for with induction 
motors there are extra losses in the rotor at starting, and with 
direct current machines the reverse is the case. The total losses 
do not increase exactly as the square of the current, nor is the 
heat carried away at the same rate all the time, but this gives a 
guide to the size of the motor requiredjand if a proper allowance 
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is made for these inaccuracies, the proper size of machine can 
be fixed very closely. 

Whiting and Koepe hoists. These hoists are used to some ex¬ 
tent, the latter very largely in Germany, and as a tail rope is 
generally used with the former, and always with the latter, they 
may be taken together. By using a tail rope of the same weight 
as the hoisting rope, the load to be hoisted becomes the only 
unbalanced part of the whole system and the diagram is very 
easily obtained. At the beginning of the trip the total load is 


M = Wr + F+A 



At the end of the acceleration the only difference is that the 
accelerating moment disappears leaving 

= WrAF 

During retardation we have 

M, = Wr+F-V 

The diagram may be readily obtained graphically as before. 
Referring to Fig. 2, set off df ec][ual to l/S and draw c d and^y. 
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Parallel to < 26 , plot g h representing the friction, and above the 
w V equal to W r. Draw j k, Im and no, p q as before, the distance 
between them and cd and being equal to half the time for 
acceleration and retardation respectively. From w set off w' 
corresponding to the accelerating moment drawing parallel 
to w X. From v set off v' corresponding to the retarding moment, 
drawing y, w, parallel to y v. The area k x y y^ q 

represents the torque diagram for the motor which should be 
treated as before in order to determine the size of the motor. 
In connection with Koepe pulleys, and also to some extent with 
Whiting hoists, it is necessary to determine the factor of safety 
against the rope slipping. On one side the maximum pull 
on the rope is made up of cage, load, rope weight, acceleration 
of these parts and of one sheave. On the other side there is rope 
weight, and cage minus the acceleration of these parts and of one 
sheave. Reducing the weights of the sheaves to the pulley 
radius the accelerating pull will be 

(W T C-f" R Z-f-5"^) a 
32 


when a — acceleration in ft. per sec. 

S' == weight of sheave reduced to pulley radius. 
On the other .side it is 


(C + Rl + S') a 
32 

In order to cause slipping the greater pull must exceed the 
smaller one multiplied by e“>‘ when 
e = base of nat. log. 2.7182. 
a = angle of contact of rope on sheave in radius. 

/i = coefficient of friction between rope on pulley = 0.18. 
Usually the angle of contact is about 190 degrees so that for 
the rope to slip we must have 


i-C+ 


+-Rl + C+S')a ) 

........ f 


32 


> 1 S 2 -I Rl + C — I 

( 32 t } 
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With Whiting hoists the angle of contact is 180 degrees and the 
multiplying factor is, L75Xnumber of wraps around driving 
sheaves. 

Conical drum hoists. The determination of the load diagram 
for this type of hoist is somewhat more complicated than that 
for the hoists already dealt with. The object of conical drums is 
to compensate for the unbalanced load due to the rope, and to do 
this completely the following conditions must be met 

r {W-\-RlAC) -r,C = (W+C) - r (CA-Rl) 

when r — minimum radius. 

== maximum radius. 

This gives the proper dimensions for the beginning and end of 
the trip, but at intermediate points there are slight unbalanced 
loads if a plain conical drum is used. The variation from the 
ideal condition, however, is unimportant. From the smaller 
radius the greater can be obtained as follows: 

The length of the surface of the drum will be 


T _ I Xd 

n (r+rj) 

when d = space required for each turn of the rope. 

In order to obtain the same output as with a cylindrical drum 
the maximum speed will be approximately in the ratio of 


which gives a value a little too high, as the rope is not at the 
maximum radius when retardation begins, but it is, however 
near enough when making preliminary calculations in order to 
etermine what average speed can be assumed. It will be 
ound more convenient when dealing with this type of hoist to 
ca culate the distance traveled in terms of revolutions of the 
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drums instead of in feet. Supposing that a certain maximum 
speed Smax is fixed by considerations such as shaft construction, 
etc., the mean speed Sm will be 



S 


r + r^ 


max 





which, expressed in revolutions per second, is 


S 


max 


””T 


s 


max 


Rev. per sec. 




27r 60 


The total number of revolutions to be made per trip is 


Rev. per trip 


I 


7C 


r + r^ 


The time available for acceleration and retardation is there¬ 


fore : 


if-j-=2 It 




K 


r + 

.. 


S' 

^ max 

. 

2% 60 


-2 H T 


21 

r H-ri 

^max 

60 r. 


^ j „ 120 I r 

“ ( Srnax (r + ^j) 




The speed in rev. per sec. being known, the revolutions can be 
readily found. The distance traveled dui*i.ng acceleration will be 


L — 2 TTI r + 


('+ 4 ) 


z 


i “ increase in radius per turn == r -rrev. per trip 
z == revolutions during acceleration. 
z^ = revolutions during retardation. 
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During retardation the distance traveled will be 

= 2 TZ 

The inertia of conical drums may be taken as-approximately, 

^2 I ^ 2 

200 W' » ^ - if the weight is not known. 

A 

Static moment. The variation of the static moment may be 
easily followed if the drum is considered as being extended so as 
to complete the cone with the apex at a Fig. 3. The area of 
the cone will be proportional to the square of the radius 0, 
and as the weight of the rope on the drum will be proportional 
to the area covered, assuming an even spacing between the turns, 
it will be seen that it will also vary as the square of the distance 
from a. The length of the completing cone V will be 




The number of turns of rope on this part will be 
V 

when d = space taken by each turn of rope in ft. 

and the length of rope kt 

If the total weight of the rope on the drum and completing 
cone is considered as a separate load, none being wound, on the 
drum, the static moment would vary with the distance from 
a, being L'X radius. The amount of rope wound on the 
drum, however, varies with the square of the distance from a 
and the equivalent static moment as the cube; consequently 
the actual static moment for any point will be, 

Mr = R U r, - R L' r^ (—^ 

\ 


when Mr = static moment of rope. 

R = weight of rope in lb. per ft. 

L' = total length of rope wound on drum and completing 
cone. 

— any radius. 

Ti = maximum radius of drum. 
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From the above it is very easy to determine the static moment 
diagram by plotting a few points and drawing a curve through 
them; or graphic methods may be used. 

Referring to Fig. 3, set off on a 6 from a, the distance a b' 
corresponding to the number of turns of rope on the drum and 
completing cone. Parallel to a 6 draw the distance between 
them being equal to (L R-\-W + C) and from b' drop the vertical 
b' 6/. From the point a' corresponding to the smaller end of the 
drum, drop the vertical a' a/. A straight line from a to 6/. 
would represent the static moment if none of the rope were wound 
on the drum, but, as pointed out, this value must be decreased 
by a certain amount, varying as the cube of the distance from a. 
On ¥ 6/ layoff the value LRr^to Z leaving 6/ representing 
the actual static moment at the end of the trip and connect az. 
If a cubic parabola is drawn between a and z, the distance be¬ 
tween it and az will be the static moment diagram for the 
rope, and between the curve and a 6/ the static moment diagram 
for the loaded side of the hoist. This may be done by a simple 
graphical method. Divide a' ¥ into any number of parts and 
draw the verticals 2, 3, 4, etc. from a b to b^. From the points 
of intersection with a z draw the horizontals I, II, III, etc. to 
¥ b/ and with ¥ z as a diameter draw the semicircle. With ¥ 
as a centre describe the arcs IF II IF III IIF, etc., and from the 
intersections with the semicircle draw horizontals to 6'^/ 
and from these points vectors to a. The intersection of F 
and a' a\, IF and 2, IIF and 3, etc., are points on the cubic 
parabola. This arrangement gives the diagram on the base 
abi but we can obtain it on a^ b-^ if, instead of drawing the vec¬ 
tors to a, they are drawn to a^. The static moment for the 
unloaded side can be obtained in the same way. On a' a/ 
from a/, lay off p corresponding to the static moment of the cage 
or C T and draw p z. Parallel to p z draw F I^, IF IIi, etc., and 
from the intersections with a' a/ the vectors to b^, the distance 
of which from b^ corresponds to the number of turns on the 
completing cone. The intersection of b^ with b b^ ,IIi b^ with 2, 
III^ bi with 3, etc., are points on the static moment diagram for 
the'unloaded side. The distance between the two curves thus 
obtained is the resultant static moment for the hoist. In Fig. 3 
a case has been taken where the static moment at the end of the 

trip is the same as at the beginning, the radii being obtained as ah 

ready shown, and it will be noticed that the resultant moment is 
not quite a straight line, but the deviation is so small that it can 
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be neglected. It will therefore be seen that if the condition for 

e comp ete compensation of the rope weight is met by properly 

praportioning the radii of the drum the static moment during the 
whole period may be taken as 

Af = (W + C) r — C r = W t 

Jwrfea. It will be found convenient to reduce the inertia of 

tho ^ the drum radius, assuming that it varies instead of 

e speed, which of course gives the same result. The equivalent 



Fig. 3 


inertia will therefore vary with the square of the drum radius, 
eing a maximum at the larger radius when it is equal to 



in which Is — inertia of sheave,®and 
^ r= radius of sheave. 
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be neglected. It will therefore be seen that if the condition for 
the complete compensation of the rope weight is met by properly 
proportioning the radii of the drum the static moment during the 
whole period may be taken as 

M = (W + C) r-Cr 

Inertia. It will be found convenient to reduce the inertia of 
the sheaves to the drum radius, assuming that it varies instead of 
the speed, which of course gives the same result. The equivalent 



inertia will therefore vary with the square of the drum radius, 
being a maximum at the larger radius when it is equal to 



in which 1^ = inertia of sheave ,®and 

= radius of sheave. 
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If a simple parabolic curve is drawn from a point b' correspond¬ 
ing to the apex of the cone, Fig. 4 to the end of the drum on 

the line b' 6 / the maximum value corresponding to Is 

T ^ 

the part between the smaller and greater radii, corresponds 
to inertia of one sheave. By drawing a similar curve for the 
second sheave from 6 /, 63 will correspond to the inertia of the 

second drum and by adding the two the combined inertia curve 
< 7-4 64 may be obtained. It will be seen that this curve varies 



very little from a straight line and for practical purposes the 
total inertia of the sheaves may be taken as constant at 



The inertia of the load and suspended rope may be obtained 
from the static moment diagram. As the moment of inertia 

. Wr^ 


is 


g 


if the static moment ot W r is multiplied by 


r 

1 
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the various values are found, and by taking a few points and mul¬ 
tiplying by the corresponding radius and dividing by 32, a curve 
is easily obtained. 

The same must be done for the unloaded side, and the two 
curves which are thus obtained are combined. The form of these 
curves is shown in Fig. 4 and it will be found that for practical 
purposes no great inaccuracy will be introduced if the inertia is 
taken as the average of the two. 

_UW+ C + RI) r'‘ + Cr^^]+\{W + C)r,^+{C + Rl)f\ 

Ij. - --:--— 


In the above the suspended rope has been allowed for but the 
rope on the drum must also be considered. It has been seen 
that the amount of rope on the drum will vary as the square of 
the radius and as the inertia of any mass also varies at the same 
rate the inertia of that part of the rope on the drum will vary rh 
By drawing a fourth degree parabola from the apex of the 
cone 6' to the point on hg, Fig. 4, corresponding to the value 


the inertia of one rope will be obtained and a similar curve from 
h/ to ag, will give the value for the second rope. By drawing a 
horizontal rs from the points of intersection with a' and b 
the inertia of the part on the completing cone is subtracted, that 
above the base r s representing that on the drums. By combin¬ 
ing the curves thus obtained the total inertia of the rope on the 
drums will be obtained. As this curve does not vary very much 
from a straight line and the total value is small, it is sufficient 
for practical purposes to consider the inertia of this part of the 
total as being constant at 






The inertia for all parts having been found, the load diagram 
may be determined in the same way as with cylindrical drum 
hoists. 
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Reel hoists. The reel hoist may be considered as a conical 
drum, the radius of which increases at each turn by an amount 
equal to the thickness of the rope. In order to compensate 
cornpletely for the weight of the rope, the inner and outer radii 
must be determined in the same way as with a conical drum, the 
ratio being 

The increment by which the radius is increased being fixed 
by the rope thickness, it will be seen that the inner and outer 
radii must be such that with the full amount of rope on the reel 
the proper ratio is obtained. This ratio being fixed, it is obvious 
that there is only one value for the inner radius which will 
give the correct value for the outer radius with a certain rope 
thickness. The space occupied by the rope with a full reel is 

Q — KT^ — Ttr^ 

and if the radii are taken in inches the length of the rope in feet 
will be 

7 _ TT r — TT 

Wd 

when d == thickness of rope in inches. 

T. 

Taking % — ~ obtain, 

TV (x ry — Tc == 121 d 
n(x'‘-l)r^=12ld 


j 12 Id 

^ \ k(x^-1) • 

It may be that the value for r thus found will be too small for 
the size of the rope taken, the bending stresses being too high, 
and in this case it will be necessary to reduce the thickness and 
increase the width, but the permissible variation in this direction 
is comparatively small vsince only a few thicknesses are manufac¬ 
tured commercially. When the depth exceeds 1500 to 2000 ft. 
it will be found practically impossible to secure a complete 
compensation for the rope weight because the inner radius is so 
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small that a suitable rope is not obtainable. Having fixed the 
radii, the load diagram may be determined in the same manner 
as that of a conical drum hoist. 

Balancing systems. Practically all balancing systems utilize 
a flywheel, the speed of which is varied so that it gives up or 
absorbs energy according to the demands of the system. A 
storage battery may also be used for the same purpose and under 
certain circumstances it may be more economical than a fly¬ 
wheel, as the losses with the latter are constant and independent 
of the load, while the storage battery losses only occur when the 
battery is being used. 

The main requirements of a balancing system are that it should 
be capable of preventing the peaks from coming on generating 
stations, it should be automatic in action, and the losses con¬ 
nected with it should be as low as possible. 

The first practical system to be introduced was that proposed 
by Mr. Carl Ilgner, which, in various modified forms, has been 
very widely adopted for all classes of heavy work where greatly 
fluctuating loads have been taken care of. The Ilgner system as 
arranged for use with an alternating current source of supply 
consists of an alternating current induction motor with a wound 
rotor, coupled to a direct current generator, which, in turn, feeds 
a direct-current shunt-wound hoist motor. Coupled to the 
motor generator is a suitable flywheel designed to take care of 
the peak loads. The fields of the hoist motor and of the direct 
current generator are excited separately by a small exciter coupled 
to the motor generator set, means being provided for auto¬ 
matically maintaining its voltage constant when the speed of the 
set varies. The speed of the motor generator set is controlled 
by means of an automatic slip regulator operated by the line 
current. The scheme of operation is as follows: 

At the beginning of a hoist cycle the flywheel will be running 
at full speed, all resistance being cut out of the motor rotor. 
In Order to start the hoist, the generator will be gradually ex¬ 
cited in the proper way to obtain the desired direction of rota¬ 
tion. As the speed of the hoist motor with constant field ex¬ 
citation will be practically proportional to the voltage of the 
generator, when the latter is increased the speed of the hoist will 
also increase until with full voltage the maximum speed is ob¬ 
tained. The only rheostatic losses at starting are those in the 
regulator controlling the generator field, which are negligible. 

When the load on the induction motor exceeds the mean value® 
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for which the slip regulator is set, resistance is automatically 
introduced into the rotor so as to cause a reduction of speed, 
thus enabling the flywheel to give out a portion of energy stored 
in it and thereby assisting the motor to drive the generator. 
The speed will be automatically reduced so as to maintain con¬ 
stant input to the three-phase motor until the fly-wheel has given 
out all the energy required in excess of the mean value. When 
the load falls below this mean value the regulator will cut out the 
resistance in the rotor causing the set to increase in speed, thus 
storing energy in the flywheel and keeping the demand on the line 
constant. 

The use of resistance in the rotor of the' three-phase motor 
introduces a certain loss which will average^half the slip between 
full and minimum speeds, but, as a rule, this loss is compara¬ 
tively small compared with the output of the plant. 

The question as to the most economical value to adopt is a 
very complicated one, depending as it does upon the first cost 
of the flywheel, the running losses, the time the plant is in ser¬ 
vice, etc. It will be seen that should the plant run for 'con¬ 
siderable periods without load it might be advisable to allow a 
fairly large slip and to use a .light fly wheel so that the constant 
loss would be small. On the other hand, if the plant runs con¬ 
tinuously, the intervals between trips being short, the slip 
regulator losses will bear a totally different relation to the 
input, and under such circumstances a relatively small slip 
and a heavy flywheel might be the most economical arrange¬ 
ment. It has been found in practice that a slip of 12 per cent 
to 15 per cent is about the most economical value, although in 
some plants a slip up to 20 per cent is provided for. Since the 
energy stored in the flywheel is proportional to the square of the 
velocity, it will be seen that by increasing the slip a proportional 
increase is not obtained in the output. Thus with a 15 per cent 
slip the energy available will be 28 per cent of the total stored in 
the flywheel. With 20 per cent slip the amount available is only 
increased to 36 per cent. 

The Ilgner, or motor generator aiTangement, is the most im¬ 
portant of all equalizing systems, probably 90 per cent of the 
plants installed being designed on this principle. It will be 
noted that the whole of the power used by the hoist is transformed 
and also that there are no rheostatic losses at starting. 

Fig. 5 shows the general connections of a hoisting plant on the 
Ilgner system with alternating current supply and from the 
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description given the functions of the various parts will be 
easily followed. * 

Another system of importance, suitable for alternating current, 
which has^a quite large field of application, is that known as 
the converter system, the principle of which is altogether differ¬ 
ent from that of the Ilgner system. 

Fig. 6 shows the connections of this system as applied to three- 
phase hoisting plants. The hoist motor in this case is of the 
three-phase induction type with a wound rotor, being started, by 
means of a rheostat. In order to equalize, the demand on the 
line, the. equalizing system is connected in parallel with the 



Fig. 5 


generator station. It consists of a rotary converter and a direct 

current machine, to which is coupled a suitable flywheel. The 
operation of the arrangement is as follows; 

The rotary converter acts only as a Gonnecting linik between 
the alternating current system and the equalizing set, which 

consists of a shunt-wound direct-current naachine and the fly 
wheel. The field of this machine is controlied by a regulator, 
operated by the main line current. At the begiiming of a trip 

the .flywheel is running at full speed, and when;tte^d 
the mean value, the regulator autoniatically strengthens tl^e field 

of the equalizing machine so that it s^cts as a gfiiei^tdr^^^d by 
the fl 3 rwheel. The amount of energygiveh td the.te )iffi de- 
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pend on the requirements in excess of the mean, as the regulator 
will continue to cut out resistance so long as there is any tendency 
for the line current to increase above the mean. 

When the demand drops below the average the regulator will 
weaken the field, causing the machine to run as a motor, which 
taking energy from the line, speeds up the flywheel, the rate at 
which resistance is introduced to the field depending on the dif¬ 
ference between the demand on the line and the mean load. In 
this way energy is stored in the flywheel and the line load is kept 
constant. The rotary converter changes either direct current 
to alternating current or vice versa, depending on whether the 
flywheel set is giving up or absorbing energy. It will be seen 
that the speed variation is obtained by field regulation, so that 



the loss is negligible, whereas with the Ilgner system it is from 
7i per cent to 10 per cent of the input to the dnvmg • 

This is a very important feature in equalizing systems with 
direct current machines, as a much greater slip can be economical^ 
obtained, it being the usual practice to allow from 20 per cent 
to 25 per cent, and consequently the fly wheels can be com- 
oarativelv light. ■ The machines of the equalizing set need only 
LC Loush .0 d.al with the loads which 
value, and under ordinary circumstances the capaci y 
more than about half that of a motor generator set for the sa e 
duty. The equalizing equipment is quite independent of tl^e 
hoisting motor, so that it may be out of service and t e ^y 

difference will be that the peak loads will come on the line. 

% 
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but with the Ilgner system the hoist is dependent upon the motor 
generator. 

The main difference between the two systems is that the 
Ilgner method provides for starting the hoist motor by voltage 
control without any rheostatic losses, while the converter ar¬ 
rangement makes no provision for doing so. When considering 
the economy of both systems this difference must be considered, 
as starting losses are often a large proportion of the total input. 
The question of starting is one of the most important ones 
with large hoists, and on this account the Ilgner system is pre¬ 
ferred for heavy work. Motor generator sets without flywheels 
have been installed in a number of instances for the sole purpose 
of obtaining a simple and efficient method of starting. With 
small hoists the starting devices are not difficult to design and 
this feature, together with the fact that one converter equalizing 
equipment may be used for a number of hoists, gives this ar¬ 
rangement an advantage over the Ilgner system, especially as 
the cost is somewhat lower. It will be seen that the converter 
equalizing equipment is not necessarily located near the hoist, 
which is an important feature when it is inside a mine. In this 
case a high tension system may be used, transformers being 
placed between the converter and the line, and the equalizing 
set being in the power station or substation on the surface. 

When the power supply is direct current the speed of the 
driving motor of the motor generator set is varied by shunt regu¬ 
lation and the slip may be made between 20 per cent and 25 per 
cent. With the other arrangement the converter is omitted, the 
equalizing machine being connected directly across the line. This 
latter arrangement is very simple, and so long as the starting 
of the motors can be done rheostatically, it appears to be the 
most reasonable system to use. A number of variations of the 
above arrangements have been employed but the principles are 
the same. There is another arrangement which under certain 
circumstances has some value. Its main feature is a reversible 
booster set, the voltage of which is the same as the line voltage. 
The general arrangement is shown in Fig. 7, from which it will 
be seen that the starting of the hoist motor is arranged for by 
regulating the booster field. When the hoist is at rest the booster 
has full field, both the booster and the motor running as motors 
off the line, a small current always passing through the hoist 
motor. When the hoist is started the booster field is weakened, 
the^^back e.m.f. being reduced, and a current flows through the 
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hoist motor sufficient to start it. The difference between the in¬ 
put of the hoist and the load on the line corresponding to the 
current taken, is used by the booster, running as a motor, to 
drive the motor as a generator, thus returning power to the line. 
The field of the booster is gradually reduced until it is zero, 
when the line voltage will be applied directly to the hoist motor. 
The field is now reversed and the booster voltage is added to that 
of the line until with full excitation the pressure across the hoist 
motor is twice that of the supply system. This arrangement is 
manifestly only suitable where the line voltage is low and is not 
more than half the maximum pressure for which the motor can 
be conveniently built. The size of the booster set will be half 



/fofor: 


the total input to the hoist motor. By adding a flywheel to the 
set and by providing for automatic regulation of the motor 
field the line load may be equalized. In the case of large plants, , 
two hoist motors may be used connected in series and a supply 
voltage of 500 to 600 volts may be adopted, giving 1000 to 1200 
volts at the motors. 

Characteristics of balancing systems. The load diagram for the 
hoist motor having been determined as already described, it is 
used as a basis for the calculation of the dimensions of the 
fly wheel and the output of the various machines required accord¬ 
ing to the systems adopted. Dealing first with general principles, 
it will be noted that the energy in any moving body is 

WV^ 


E 


2g 
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when E = energy in ft. lb. per sec., from which it will be obvious 
that for any variation of speed the energy given up or absorbed 
will be proportional to the square of the minimum and maximum 
velocities, or, 

W 

= -r-- 

2g 


when V = maximum velocity in ft. per sec. 

= minimum velocity in ft. per sec. 

In the case of a revolving wheel the velocity taken is that at 
the radius of gyration or the point at which, if all the weight 
could be concentrated, would give the same effect as when dis¬ 
tributed throughout the wheel. This radius is proportional to 
the square of the distance of the various masses from the center 
and for a flat circular disk of radius r it is 


Radius of gyration = 



0.707 r 


With wheels of irregular section the radius of ^ration will 
depend upon the distribution of the weight. It will be obvious 
that the higher the velocity the greater will be the amount of 
energy available for a given change of speed, and therefore for 
a certain output the weight will be reduced as the square of the 
increase in velocity. For this reason balancing systems are 
provided with flywheels running at a high peripheral velocity, 
the limit being fixed by the class of material used. In Europe 
cast steel has been almost exclusively used, one or two, steel 
manufacturers having made a specialty of this type of casting 
to withstand the stresses due to centrifugal force. Small cast 
steel wheels have been built for peripheral speeds up to about 
23,000 ft. per min., but for large wheels, on account of the diffi¬ 
culty of obtaining sound castings, the limit is in the neighbor¬ 
hood of 17,000 to 18,000 ft. per min. By carefully designing 
such wheels the radius of gyration may be made somewhat 
greater than that of a plain disk and the average of a number of 
cases worked out by the author gave the value of 0.78 r. 

It will be understood that the permissible stresses in a cast 
steel wheel must be lower than those of a mild steel plate on 
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account of the uncertainty as to the quality of the casting and the 
difference in the strength of the two, since with the latter, if 
the thickness is not too great, a perfectly homogeneous material 
can be obtained. For this reason the author has used flywheels 
built up of ordinary commercial steel plate. As the strengt ^ o 
the material and the stresses may be accurately determined it is 
quite permissible to run such wheels up to 24,000 or 25,000 ft. 
per min., if desired, without the stresses exceeding more than 
about half the elastic limit. Although the radius of gyration 
of such a wheel is somewhat less than that of a well-designe cas 
steel wheel, the increase in velocity permissible more than 
compensates for this difference. In plants already mstalled 
speeds of about 22,000 ft. per min. have been used because u 
was not desired nor necessary to go higher, but when the weight 
of the wheel is limited by considerations other than running 
economy, there is no reason why the higher limits given should 
not be used with perfect safety. Comparing a cast steel wheel 
having a peripheral velocity of 18,000 ft. per mm with a disk 
running at 22,000 ft. per min. this ratio of the weights assuming 
the tadu of gyration to l«e 0.78 and 0.707 respectively, wdl be 

(18,000^X0.78) : (22,000X0.707) 


or 


1 : 1.35 


It will be seen that under ordinary circumstances a plain disk 
will weigh about 74 per cent of a corresponding cast steel prohle 

wheel, and since the cost per pound is little if 

the difference in weights is considered, the built-up wheel 

^""rroTd^to^Stermine the weight of the flywheel required to 
equalize any given load, it is necessary to determme the amoun 
of energy which it must give out each hoisting cycle In the 
case of the Ilgner system, the load on the driving -otor be 
made up of the. output of the hoist motor plus ® ^ 

the motor and generator, so that in order to 
load constant the flywheel must take care of all the ex^^s^ o^ 
input to the generator above the mean value. 

grL for the generator is easily kss^s 

points of the hoist motor diagram and adding the various ^ 

S™sp»ldi=g to these points. For the ssk. of 

1;he losses in the hojst motor mid the generator maybe assumed 
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to consist of two parts; one, due to iron losses, friction and 
windage being constant; and the other, due to the copper and 
brush drop, varying with the square of the load. The excitation 
is provided for separately and need not be considered when de¬ 
termining the generator input. 

It should be noted that the power diagram and not the torque 
diagram must be taken as a basis, as the actual input to the 
hoist is the product of the torque and speed, being zero at the 
beginning of the trip and a maximum when full speed is obtained 
When a motor is rheostatically controlled the difference between 
the power and torque diagrams is absorbed by the resistances, 



but with voltage control these losses are obviated. In Fig. 8 
which is a load diagram for a Koepe hoist, the shaded portion 
repiesents the loss due to rheostatic control, and the aica en¬ 
closed hy ab c d e and / the power diagram. 

The most convenient method for calculating the losses is to 
plot a curve made up as above, which can easily be done when 
the characteristics of the machines which it is intended to use are 
known. The load diagram will be a sufficient guide as to the 
size of the hoist motor and the generator, the latter being taken 
as about 10 per cent larger than the former. When, as is fre¬ 
quently the case, the hoist returns energy to fhe system during 
retardation, it should be noted that the losses in the two machines 
must be subtracted from the values obtained from the load 
diagram. The input diagram for the generator havmg been 
determined, the mean output of the three-phase motor is readily 
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obtained. From the various loads and the times that they are 
applied, the total input per trip in horse power seconds is found, 
and if this value is divided by the total time required for one 
trip, including the period of rest when loading and unloading the 
cages, the average input is found. Taking this as the motor 
output for the time being, the loads in excess of this value will 
have to be taken by the flywheel. If energy is returned to the 
system by the hoist this value must be subtracted from the total 
before determining the mean input.* Referring to Fig. 9 the 
line a b represents the mean input to the generator and the 



Fig. 9 


* 

shaded portion the fly wheel output. It will be obvious that as 
the mean load is carried by the motor, the same amount of energy 
will be imparted to the flywheel during the perio s ® 

demand is below the average as is given up during the time 
when it exceeds this figure. Therefore at the end of the cyck 
flywheel will be running at the full speed again._ Ta 
flywheel output in h.p. sec., as found from the mput dia^ra 

the weight required will be 


W 


E'X550X2g 

- vi 


when W = flywheel weight in lb. 

E' = flywheel output in h.p. sec. 

? = 32.2. 

O 
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V = maximum velocity at radius of gyration in ft. per 
sec. 

== minimum velocity at radius of gyration in ft. per 
sec. 

The flywheel output is multiplied by 550 to reduce it to ft. lb. 
sec. The actual output of the three-phase motor will be the 
mean load as found from the diagram plus the losses due to 
w’indage and friction of the flywheel, the average slip regulator 
loss which is equal to half the maximum slip, and the power re¬ 
quired to drive the exciter. The friction of the flywheel bearings 
is readily found when the size of the bearings is known, an 
average value for the coefficient of friction being about 0.004. 
The windage loss is not easy to determine but from a ntimber of 
experiments made by Dr. E.^Becker in Germany on wheels vary¬ 
ing from 6 ft. 6 in. to 14 ft. 6 in. in diameter and 4 in. to 31 in. 
wide, the weights being from 3 to 50 tons and the peripheral 
speeds 18,000 to 21,000 ft. per min., the following result was 
obtained, 

h.p.loss = 0.0513 y2.5x0.093 D2 (14-0.465^2) 10’^ 

for smooth surface wheels. 

when V = peripheral velocity in ft. per sec. 

D = diameter in ft, 

B = width in ft. 

The wheels tested gave results corresponding so closely to the 
above that it would appear to be fairly reliable. 

In the case of the converter system only the part of the load 
diagram above the mean value is to be considered, the remainder 
having no influence on the balancing plant. Taking the loads 
in excess of the mean value found from the load diagram plus 
the hoist motor losses the actual output of the flywheel will 
be this amount plus the losses in the converter and equalizing 
machine, which must also include the excitation. The flywheel 
weight is then determined in the same way as with the motor 
generator system. It should be noted that the average input 
to the motor must include the rheostatic losses at starting or, in 
other words, the torque diagram must be taken and not the actual 
power diagram, as with the Ilgner system. The real demand on 
the line will equal the average found as above, plus the losses in 
the equalizing system which are caused by the double conversion, 
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and the flywheel windage and friction. In the case of a motor 
generator system with a direct current driving motor, there 
is no loss due to the'slip regulator, because all the regulation 
is in the motor field and the loss is negligible. With the con¬ 
verter system applied to a direct current plant there are no 
converter losses. These two systems contain the principles of 
all other equalizing arrangements and the same methods here 
indicated can be used for determining the characteristics of the 
different parts of any proposed system. 

Economy of electric hoisting. When considering hoisting in¬ 
stallations it is difficult to make any generalizations as to the 
economy, for each case must be considered separately. When 
mines have a power station already installed it is undoubtedly 
cheaper to adopt an electric hoist, even if it means an extension 
of the generating capacity, on account of the lower operating ex¬ 
penses and attendance, but whether it is better to have an equal¬ 
izing system or not will depend on conditions. If the hoist is com¬ 
paratively small possibly it will affect the total load very little. 
In the case of deep metal mines the hoisting load will usually be 
found to be quite a large proportion of the total, increasing with 
the depth. In order to obtain the benefits of an electric hoist 
in such a case, it is necessary to use some equalizing system to 
increase the load factor, and when this is done the hoisting cost 
per ton of material handled can be brought to a very low figure. 
When the costs of hoisting with a simple non-condensing steam 
plant and with an electric hoist are compared, the latter is 
undoubtedly the more economical, but when it is a question of 
using a modem compound condensing steam hoist with automatic 
cut off, a little more consideration is necessary. Under certain 
circumstances such a steam plant may have lower costs, but 
there are very few instances which, when properly investigated, 
do not show that the electric plant, if properly designed, is the 
more advantageous. In making comparisons care should be 
taken to avoid using any theoretical cycle as a basis, for the only 
true ground to work on is the actual duty over a considerable 
period, taking into consideration the time when the hoist is 
idle, as well as when it is running. With an ordinary plant the 
actual useful work done may be from 50 por cent to 75 per cent 
of the possible output, depending on the circumstances. This 
may be to the advantage of the electric plant or otherwise. The 
load factor of an electric plant is the ratio of the mean input to 
the maximum, and the effect on a generating plant will depend 
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on the other power requirements and the load factor. If, for 
instance, the general load is 500 kw. and the load factor is 50 per 
cent, the generating capacity required is 1000 kw. The addition 
of a hoisting load of, say, 300 kw. with a load factor of 33 per cent 
will increase the required capacity to 1900 kw. and will reduce 


0 ZQVo ¥0% SO% BDVo /00% 



the load factor to 42 per cent. If, by means of an equalizing 
system, the hoisting load factor is brought up to 80 per cent, 
the total load factor will be 65 per cent. The cost of power with 
different load factors may be readily obtained if records are kept 
of the various items entering into the total. With a steam-oper~ 
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ated generating plant the total cost will be made up of fuel, 
water, oil and waste, interest, depreciation, attendance, main¬ 
tenance and repairs. Practically the first two are the only ones 
which vary with the load and a certain proportion of them is also 
constant., As an approximate guide, it may be considered that 
the fuel consumption when running idle will be about 20 per 
cent of the full load value and the water about the same. The 
remaining four-fifths will vary directly^ with the load so that we 
have a condition represented hy Fig. 10. Suppose, for example, 
a plant of 1000 kw. capacity, the capital cost of which installed 
is $80 per kw., the coal consumption at full load being lb. 
per kw. hr., the cost being $3 per hr. With interest at 5 per 
cent and depreciation also 5 per cent and maintenance, stores 
and attendance at $5000 per year, the total fixed charges will be 
$13,000. Assuming that water is free, the coal required, running 
light or a basis of 24 hours per day, is about 1752 tons, which at 
$3 amounts to $5256 per year, making the total constant charges 
$18,250. The capacity of the plant when running at full load 
continuously will be 8,760,000 kw-hr. per year and the effective 

fuel required to produce this output is 8,760,000 X 2 = 17,520,000 

lb. or 8760 tons, costing $26,280. This together with the fixed 
charges makes a total of $44,536, giving a cost per Icw-hr. of 51c. 
With 50 per cent load factor the effective fuel consumption would 
be 4380 tons, costing $13,140, and the total running cost $31,396. 
The output would be 4,380,000 kw-hr. per year so that the cost 
per kw-hr. is 72c. In this way a curve may be readily plotted 
and it will show how a balancing system reduces the cost of 
power by increasing the load factor. The above method is not 
absolutely correct, since other factors enter into the running 
costs, but it is sufficiently close to enable a fairly accurate 
estimate to be made, for any particular case. In order to find 
the average load factor for the hoist the total consumption per 
trip must be taken as a basis. In the case of a balancing system 
the input may be considered as being made up of two parts one 
being constant, representing the light running losses, and the 
other the total per trip minus this value. Supposing, for in¬ 
stance, that a plant is designed to equalize completely the load 
on the basis of 30 trips per hour, the input being 10 kw-hr. per 
trip and the light running losses of the motor generator set will 
be about 20 per cent of this figure, or 60 kw-hr. per hour. As 
designed, the load factor is 100 per cent, but if the average 
ber of trips is 20 per hour the total consumption, instead of 
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being 300 kw- hr. is 60 + 20x8 = 220 kw~ hr., and the load 


factor 


220 

300 


= 0.73. 


From the daily or weekly output the real 


load factor of the plant may be obtained in this way and the 
actual running costs may be ascertained. When dealing with a 
steam plant the same methods must be adopted and it will be 
found that the losses when the plant is idle are often very great, 
and, although on a certain definite cycle the running cost may 
be worked out to a figure which approaches that of the electric 
plant, the average economy might be very much lower. The 
actual power consumption of a well-designed electric plant with 
a motor generator equalizing set has been found from a great 
number of tests to be about 1.6 to 1.7 kw. per shaft horse power, 
and for a plain hoist without any equalizing system, about 1.25 
kw. is a fair figure. When considering the running costs the 
transmission-losses must be taken into account. With an elec¬ 
tric plant the line losses will be as a rule small, but with a steam 
hoist the condensation in pipes, etc., is generally appreciable. 

In conclusion, it may be well to draw attention to a few 
advantages of electric hoists from an operating standpoint. The 
most important is the complete control afforded over the hoist 
when running, enabling the operator to work much quicker and 
with greater certainty. The ease with which the braking can be 
taken care of electrically makes it possible to manipulate the 
hoist with the greatest precision, the mechanical brakes being 
used only for holding the load. Under certain circumstances 
energy may be returned to the system by the hoist, which re¬ 
duces the power consumption, but the main point is that it 
obviates the excessive wear on the brakes which would otherwise 
have to absorb, this energy. Electric hoists may be fitted with 
devices for automatically reducing the speed and preventing over¬ 
winding, which are absolutely certain in their action, and on this 
account the authorities in Germany allow men to be hoisted at 
a speed up to 2000 ft. per min., whereas, with steam hoists the 
limit is fixed at 1000 ft. per min. An electric motor is a very 
simple machine and requires considerably less attention than a 
steam engine needs, and the splendid service which it gives under 
the most severe conditions disposes of any question as to its 
reliability. 
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Discussion on “ Large Electric Hoisting Plants ”, New 

York, March 11, 1910 

Edward J. Cheney: In connection with the torque diagram 
shown in Fig. 1 of his paper, Mr. Sykes gives a formula for 
computing the motor horse power. The evident intention of 
this is to reach the root-mean-square value of the cycle. This 
formula is not mathematically correct because the mean square 
of a sloping line is not one-half the sum of the squares of each 
end. The expression should-be, 

(a) HP== 

\^ --- ^^ - 

which holds good for all cycles, whereas the formula given in 
the paper is correct only for cycles with horizontal lines, such as 
Fig. 2, and is considerably in error where the lines have as much 
slope as in the usual hoisting cycle. 

Ordinarily t and are small compared with q, and conse¬ 
quently H Pi and H are nearly equal, and H P^ and H P^ 
are nearly equal, and the formula given above may be sim¬ 
plified without introducing any appreciable error, to the ex¬ 
pression 



HP = 



HPa^XtP 


m^m+HP.H P, X,.+HP,. X <. 

3 

T\ 


where H P^ = ^ ^ ^ 


HP, + HP, 
2 


After having found the correct root-mean-square value it does 
not follow that this should be the motor rating. As Mr. Sykes 
points out, the heat is not carried away at the same rate all the 
time, the reason being that at standstill and at the reduced 
speeds of acceleration and retardation, the ventilation is less . 
than at full speed. Now a motor rating is ordinarily taken to 
mean the rating at which the motor will operate continuously at 
full speed with a given temperature rise, and apparently this is 
a very convenient basis and worth maintaining. In order to 
put hoist motors on this basis and make^ them comparable wit 
other types they should have such a rating that when operated 
continuously at full speed at that rating th^ would have the 
same temperature rise as when operated on the normal hoisting 

cvcle. 

The root-mean-square value of the cycle as determined from 
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the above formula must, therefore, be corrected by such a factor 
as shall represent the difference between the average dispersion 
of heat over the cycle and the dispersion of heat at full running 
speed. This factor depends upon the relative amount of time 
at reduced speeds, and also upon the relative importance of 
ventilation and conduction in cooling effect, and so upon motor 
speed and general design. It will be readily apparent that a 
high speed motor is more dependent upon ventilation than a 
slow speed motor, and the compactly built induction motor more 
than the comparatively open direct current motor. 

The designer must, therefore, determine this factor m indi¬ 
vidual cases, but for a general approximation it may be taken 
that the cooling during acceleration and retardation is 75 per 
cent, and during standstill 50 per cent of that at full speed. 
From expression (b), we would then derive the following ex¬ 
pression for the correct horse power rating of motor: 

(C) H P= lHPa’‘Xt+ 

where ^3 ~ time at standstill. 

As the generator runs at nearly full speed all the time, no such 
correction need be made in its rating, and instead of being 10 per 
cent greater than the hoist motor, as stated by Mr. Sykes, it 
will very frequently be actually less. In a flywheel set, the motor 
of the set has no peaks to increase its heating, and so we may 
have the rather amusing case of a motor driving a generator of 
greater rating, which in turn supplies power to a motor of still 
greater rating. Apparently in such cases the efficiency has some¬ 
how become reversed, but really the ratings are perfectly logical 
when properly viewed. 

In considering the converter equalizer as compared with the 
Ilgner system, it must be admitted that in the latter, the fly¬ 
wheel set transforms all the power, while in the former, the fly¬ 
wheel set only transforms the fluctuations above the mean. It 
must, however, be borne in mind that in the Ilgner system, the 
power is only transformed once, while in the other system, the 
• excess power must be taken through the transformers, converter 
and equalizer to the flywheel and, later on, taken back again in 
reverse order to the line. With very peaked cycles, such as we 
usually have, this means that the converter and equalizer are 
not so small compared with a motor generator set. The' fly¬ 
wheel must store more energy in the converter system, because 
the rheostatic losses of the induction hoist motor add to the peak. 
Taking these facts into consideration, and after a careful com¬ 
parison of the two systems under various conditions, we iiust 
take exception to Mr. Sykes’ statement that the converter sys- 
teni is the cheapest to install. 
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As Mr. Sykes points out, the rheostatic losses of the induction 
hoist motor with the converter system must be balanced against 
the losses in the slip regulator of the Ilgner system. Here, also 
a comparison of typical cycles will show the Ilgner system to have 
the advantage. The real argument in favor of the converter 
equalizer system seems to be the fact that the hoist is not de¬ 
pendent upon the flywheel set, and even this fails when the 
generating station is too small, to handle the hoist without a 
balancing system. The converter system also has some ad¬ 
vantages where more than one hoist is to be equalized, but where 
several hoists are operated the diversity factor may be depended 
upon to smooth out the line load, and a balancing set is hardly 
necessary. 



A pa/er presented at the M&h meeting of the 
American Institute of Electrical Engineers^ 
New York^ March 11 , 1910 . 

Copyright 1910. By A. I. E. E. 


TESTS.OF AN ILGNER ELECTRIC HOIST 


BY R. R. SEEBER 


In the copper mining district of northern Michigan a fair- 
sized mine usually operates two or more shafts along the strike 
of the lode, these shafts being usually at least a thousand feet 
apart. The tonnage to be hoisted from each shaft is large, 
—from 13,000 to 25,000 tons per month. The hoisting engines 
used are generally steam-driven, non-condensing, duplex en¬ 
gines with Corliss valves, supplied by steam from separate boiler 
plants where the distance between shafts is great. 

In an attempt to centralize power plants and secure central 
station economies, the Winona Copper Company installed an 
electric hoist of the Ilgner type, with Ward Leonard control. 
A brief description of this plant appeared in the Engineering and 
Mining Journal of July 19th, 1909 . The only point of variation 
from the simple Ilgner set lies in the connection of two generators 
to a single induction motor by flexible couplings. These genera¬ 
tors serve motors which operate hoisting drums at separate 
shafts viz. No. 4 shaft Winona, and No. 1 shaft. King Philip. 
The hoist for No. 4 shaft is about 1,700 ft. from the pow’-er plant 
and in this building the motor-generator set is placed. No. 1 
King Philip hoist is 1,500 ft. from the motor-generator set. The 
equipment of the motor-generator set is as follows: 

In the middle of the set is a 12-pole, 450 h.p, 600-rev. per. 
min. 2,080-volt, three-phase, 60-cycle, variable-speed, induction 
motor, connected on each side to a 20-ton flywheel which is 
10 ft. in diameter, and to a 6-pole, 170-kw, 575-volt, interpole, 
direct-current generator. On each side of the shaft is placed a 
separate exciter which delivers current at 125 volts. The 
lubrication of the four main bearings that support the flywheels 
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and direct-current generators is supplied by two sets of oil pumps, 
belt-driven from the shaft. 

The hoist motors are 6-pole, 200-h.p., 430-rev. per. min. 
550-volt motors, and are shunt-wound. The fields, both of this 
motor and the direct-current generators are excited by current 
from the exciter on the motor-generator set, vrhich is kept at a 
constant voltage of 125 by voltage regulators. The current in 
the hoist motors is \raried and reversed through controllers of 
the usual railway type, placed in the field circuit of the generators. 
The first point on the controller operates a contactor which 
closes the main circuit from the generator to the motor. 

The alternating current for operating the motor-generator 
passes through a regulator which automatically varies the 
resistance in the rotor of the motor-generator set in proportion 
to the demand of the motor for current. 


POLYPHASE INDICATING WATTMETER 

GRAPIC AMMETER A.C. 



Fig. 1. —Diagram of connections of motor-generator set 


During February, 1910, detailed tests of this set were made to 
determine the performance under varying conditions, and to pro¬ 
cure coal-to-rock ratios to compare with ratios for steam hoists 
under similar conditions. 

On the switchboard controlling the set, the following instru- 
ments were already installed: 

Alternating current indicating ammeter. 

Recording wattmeter. 

Direct-current ammeter and voltmeter for each direct current 
generator. 

In addition for the purposes of this test, the following instru¬ 
ments were installed, as shown on the diagram Fig. 1: 

Two 600-0-600 direct current graphic voltmeters, one in each gen¬ 
erator circuit. 
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Two 800-0-80 direct current graphic ammeters, one in each generator 
circuit. 

One 12o-ampere alternating current graphic ammeter. 

One 125-volt direct current indicating voltmeter, 
due UK)-ampcre direct current indicating ammeter. 

OneMndicating wattmeter with necessary current transformers. 

One 000-rev: per min. tachometer. 

N<). 4 shaft Winona is served by the hoist drum in the same 
building as the motor-generator set. This is an old duplex 
steam hoist, with the cranks disconnected. The inotor drives 
the old crank shaft through gearing. The drum is seven ft. 
in diameter and holds 1,500 ft. of rope. The rope is 14 m. in 
di imeter and weighs two lb. per ft. No. 4 shaft is double-com¬ 
partment-and the skips work in balance. Because at present 
very little hoisting is being done in this shaft, only the south 
skip is used for loads and the north skip carries 2,100 lb. of rock 
to lessen the starting moment. At the time of the test the nor i 
skip had filled with ice, so that the total counterbalancing 
weight was 3,300 lb. This caused more power to be ^seji for 
the lowering of the south skip than for hoisting it. The loaded skip 
weighed 5.400 lb. Of this amount, 3.300 lb._ is counter¬ 
balanced leaving only 2.100 lb. of rock and the hoisting rope as 

1 shaft King Philip is operated by an old pared steam 

hoist, with the cranks disconnected and 
to the motor in the same manner as at No. 4 Winona. The dru 
is five ft. in diameter and holds 1.200 ft. of one-inch rope, weigh¬ 
ing 1.58 lb. per ft. The shaft is built with two compartments 

but only one skip is running, leaving the hoist 

The skips in both shafts are the same and weigh 2.©00 Ib^ each^ 
Each holds 2.7 tons of rock when full, ^he test was conducted 
under normal working conditions and pe loads varied^ Durmg 

time of test, a man was stationed at tie rap o - 

serve the fulness of the skips.The average distance of the rock from 
the top of the skip was estimated for each load and acoirectio 

ThTwoSat present being done at these shafts 

small, because only development work is orsTeam 

reliable information that I had concerning the operation of steam 

hoists was at a hoisting rate of 12.000 to 15,000 tons P®^ 
we arranged to hoist from each shaft for an hour at near this rate. 

During Bll this time the curve-drawing instruments were in 

operation a nd gave accurate records of each operation. Read g 
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of the alternating-current wattmeter,voltmeter,and ammeter were 
taken every five seconds. The starting and stopping time of each of 
the hoist movements was taken, and the nature of the load re¬ 
corded. The speed of the motor generator set \vas taken at 
regular intervals. 

The following tabulations show the levels from which rock 
was hoisted during this one-hour test, also the total number of 
skips, total rock hoisted from each level, the average load, the 
distance from the level to the dump on the incline of the shaft, 
70 deg. and the product of load and distances; also totals and aver¬ 
ages. This rate of hoisting corresponds to about 19,000 tons per 
month or rather more than the rate of the steam hoists with which 
it is compared. 


WINONA SHAFT 


Level 

Skips 

Load 

Distance 

Load 

distance 

9th 

5 

Tons 

Average 

918 ft. 

10924 

11.9 

2.4 

10th 

4 

10.2 

2.5 

1018 ft. 

10384 

11th 

4 

10.2 

2.5 

1118 ft. 

11403 

12 th 

3 

7.7 

2.6 

1218 ft. 

9379 


16 

40 

j 


1052 ft. 

42090 

At 600 ft. equiv- 
lent to 70.15 
tons 


KING PHILIP SHAFT 


Level 

Skips 

Average load 

Distance 

Load- 

distaiiee 



Tons 

Average 



5th 

1 

2.0 

2.0 

425' 

850 

6th 

6 

13.2 

2.2 

524' 

6917 

7th 

— 

— 

— 

623' 

■— 

Sth 

5 

10.2 

2.04 

729' 

7436 

9th 

3 

4.95 

1.65 

832' 

4119 

10 th 

4 

9.45 

2.36 

932' 

8807 

11th 

— 

— 

— 

1034' 

— 

12th 

3 

7.4 

2.5 ^ 

1135' 

8399 

— 

22 

47.2 

2.15 

Average 

774 

36528 

At 600' equiva¬ 
lent to 60.88 
tons 


Adding the total tons hoisted at Winona to the total tons hoisted 
at King Philip during the. same period gives an equivalent of 131 
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tons hoisted from a depth of 600 feet in a 70-deg. incline. The 
total kilowatt-hours taken by the motor-generator set during this 
hour was 211. This output was determined by reading an in¬ 
dicating wattmeter every five seconds and taking the average. 
The power necessary to hoist one net ton of rock from a depth of 
600 ft. on the incline was 1.61 kw-hr. 

Tests of our power plant, under present light-load conditions, 
have shown that it requires about four pounds of coal to produce 
one kilowatt-hour delivered on the switch board of the motor- 
generator set. The amount of coal required to hoist a ton from 
this distance is therefore 6.44 lb. giving a coal-to-rock ratio 
of 1 to 310. 

Winona. 70.15 tons 

King Philip. . . . 60.88 “ 

131.03 “ hoisted at 600 ft. depth on 70 deg. 

211 kw-lir. taken by set. 

1.G1 kw-hr. per ton. 

6.44 lb. coal per ton at 4 lb. coal per kw-hr. 

Coal-to-rock ratio = 1 to 310. 

For purposes of comparison with the steam hoist conditions, 
I have tabulated the results in rock hoisted and kilowatt-hours 
taken by the motor-generator set for an average day. 

IG hours 211 kw. = 3,376 kw-hr. 

4 “ SO kw. = 320 “ 

1 hour 55 kw. = 55 “ 


Total of 3,751 kw-hr. 

3 hours shut down. 

Total of 24 hours. 

Rock is hoisted during but 16 hours of the time, making the 
total rock hoisted for both shifts 2,096 tons; or 1.79 kw. hr. are 
required to hoist one net ton of rock from a depth of . 600 ft. 
on a 70 deg. incline. This makes the coal-to-rock ratio for the 
above conditions 1 to 279. 

The theoretical value of kilowatt-hours per ton hoisted taken 
from Fig. 21 of the paper presented by Messrs. Rushmore and 
Pauly* is 1.7 kw-hr. Taken from the curves in Fig. 22 for the 
8,000-ft. hoist, this value is 1.55 kw-hr. 

At the D shaft of the Champion Copper Company, a 24-in. 
by 60-in. duplex Corliss engine operates a double conical hoist 
drum. The shaft inclination is about .70 deg. the skips working 


* A. I. E. E. Transactions, 1910, page 284. 
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in balance. The boiler plant supplies the rock house engine and 
dry in addition to supplying the hoist. For the first four days 
of November, 1905, the boiler plant supplied the hoist alone. 
The coal-to-rock ratio for these four days, at 600 ft. average 
depth, was 1 to 154. Using a percentage of fuel burned for the 
rock hoisted, obtained from results of this four days’ test (68.4 
per cent to hoist), the ratio for the remainder of November 
was 1 to 185, showing gain by better boiler load. For December 
of the same year on the same basis, the ratio was 1 to 166. The 
average load of rock was 2.1 tons, the total amount hoisted in a 
month being about 15,000 tons. 

At the Winona mine, No. 3 shaft was operated in June, 1907, 
by a separately-fired boiler plant. The hoist is a duplex geared 
hoist with a rolling valve. The shaft is inclined 70 deg. from 
the horizontal and the skips work in balance. . The average load 
of rock was about 2.1 tons. In June, the coal-to-rock ratio at 
600 ft. depth, figured as before, was 1 to 124. In August and 
September, 1907, this hoist was supplied from a larger plant, 
the hoist being 15 to 20 per cent of the whole load. The dis¬ 
tribution of coal which w^e made gives a ratio of 175 to 200. 

The following tabulation compares these ratios: 

Electric hoist, two shafts, Winona; coal-to-rock ratio 1 to 279. 

Champion D hoist; steam (alone); coal-to-rock ratio 1 to 154. 

Champion I> hoist, with rockhouse; coal-to-rock ratio 1 to 185. 

Winona No. 3 hoist, steam (alone); coal-to-rock ratio 1 to 124. 

Winona No. 3 hoist, steam, (central plant)—coal-to-rock ratio 
1 to 175, to 1 to 200. 

I feel satisfied from these figures that, even with steam gener¬ 
ated in a central plant, a coal-to-rock ratio of 1 to 200 is about 
all that can be expected from steam hoists of this type, under the 
given conditions. This shows a coal saving by the electric method 
of 25 per cent over the steam method. 

Fig. 2 shows the operation of the motor-generator set and both 
hoist motors for a typical section of about nine minutes length, 
taken from the one-hour test. The curves here shown will serve 
to describe most of the operation. The top curve shows the 
alternating current input plotted from five-second readings of 
the indicating wattmeter. The average for the nine minutes 
is 208.25 kw. or slightly below the average input for the hour. 

The second curve shows the speed of the motor generator set, 
the extreme variation being from 440 to 480 rev. per. min. 
during this period. 
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The next three curves show the volts, amperes, and kilowatts 
output of the direct-current generator driving the No. 1 King 
Philip motor. 

The last three curves show the volts, amperes, and kilowatts 



Fig. 2.—Operation of motor-generator set 


output of the direct-current generator driving the Winona No 
4 hoist for the same period. 

Where electricity is used for hoisting, the main reason for 
using an Ilgner fly-wheel set is to take the peak loads off the power 
station. How well this is accomplished is shown by comparing 
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the input curve of the diagram with the two curves of direct- 
current output. Incidentally this method utilizes the energy of 
a descending unbalanced skip, the motor acting as a generator 
and restoring energy in the flywheel. For the King Philip 
hoist, unbalanced, the amount thus restored is comparatively 
large, varying from 20 per cent to 35 per cent of the energy re¬ 
quired to hoist the loaded skip from the corresponding level. This 
variation is due to variation in the loading of the skips. On the 
Winona hoist, balanced, the amount of energy thus restored is 



SECONDS OF TIME 

Fig. 3. —Restoration of energy 

very small and occurs only when the motor is used as a brake at 
the close of the hoisting period. 

The restored energy for both cases is shown on the shaded areas 
below the line. An interesting example of this restoring action 
is shown (Fig. 3) on Winona No. 4 hoist,-where men are being 
hoisted on the south skip. Energy is required at starting but 
the demand gradually decreases and at about the 8th level the 
weight of the descending north skip counterbalances the ascend¬ 
ing skip. During the remainder of the hoisting period 
energy is being stored in the flywheel. 
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Where a double compartment shaft can be used and the skip 
and rope can be counterbalanced by duplicates in the other com¬ 
partment, the counterbalancing skip being ready for a paying 
load on reaching the bottom, it is obviously not economy of power 
to use any other system of restoring the energy of the descending 
skip. The efficiency of any other system will be very low com¬ 
pared to the efficiency of the counterbalancing skip where the only 
losses are friction and air resistance. 

Fig. 4 show^s the current output of the King Philip generator 
when hoisting a full skip from the 12th level, and the energy re¬ 
stored to the set when lowering the same skip still full. This was 
done twice, as shoAvn. 



Fig. 4.—Energy expended in hoisting and lowering unbalanced hoist 

« 

The watts used in hoisting the first time were 4,250; watts re- 
turned lowering were 2,243, showing an efficiency of restoration 
of 52.8 per cent. The watts used hoisting the second time were 
4,430; the number of watts returned lowering the second time w'as 
2,300, showing an efficiency of restoration of 51.9 per cent. 

Fig. 5 shows the decreasing speed of the motor generator set, 
after the powder is shut off on Saturday nights. About three 
hours are required for the set to come to rest. 

Fig. 6 shows the acceleration of the skip and the rope speed for 
the hoisting period. 

The greatest disadvantage of the Ilgner system is a constant 
loss in windage and bearing friction of the motor-generator set 
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TIME IN MINUTES 


Fig. 5.—Retardation of motor-generator set 



Fig. 6.—^Velocities of hoisting 
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itself. Observations have shown this loss for the set at this plant to 
be very nearly 55 kw. This loss can be reduced materially by casing 
the flywheels. When the work done by the hoist is large enough 
to make the proportion of this constant loss small, an Ilgner fiy- 
w'heel set adds fuel saving to the saving of labor, etc., due to the 
centralization of the power plant. 

The use of this system enables us to dispense with two boiler 
plants and their fii'emen. It would have been necessary, also 
to build larger boiler plants, with railroads and coal trestles to 
serve them. The hoists themselves handle the skips much better 
than the steam hoists, starting from rest very smoothly. The 
large amount of repair work necessary on a reciprocating engine 
is also done away with. 



A paper read before the Philadelphia Section of 
the American Institute of Electrical Engineers, 
on March 14, 1910. 

Copyright 1910. By A. I. E. E. 


THE GENERATING SYSTEM OF AN ELECTRIC 

LIGHTING COMPA'NY 


BY A. R. CHEYNEY 

Under this head it is intended to touch briefly’ upon a few of 
the important considerations which may be of general interest 
relating to the production of electricity. The generating system 
here spoken of includes ever 5 rthing from the coal at the mine 
to the outgoing wires from the substations. 

The main function of a lighting company is to sell electricity, 
and in order that it may meet with the success to which it is 
entitled, two facts must be kept in mind. The generating cost 
must be kept as low as possible, and the service must be supplied 
at a uniform presst^re, and absolutely without interruption. 
Two elements are involved in the solution of the problem of 
cost and reliability; the physical, which follows certain fixed 
and unalterable la^^s,; and, closely interwoven, the human 
element, as vital and as far reaching as the physical itself. This 
close relationship between things material and the human ele¬ 
ment is a condition that the operator has always with him, and it 
jg^ thut %is conception of both be kept clear and 

■'separate, - ■v',/ f.-'; 'I ^ 

Fig. 1 shews fe graphic form some of the various details of a 
generatmg system and their relative interdependence. From 
the coal supply-at the mine to the wires leaving the substation, 
one continuous, unbroken chain binds all the parts together 
The failure of a single link unless properly cared for, may mean 
the failure of all. Accident to any one of a certain class of the 
above composite parts may involve the system in difficulty al¬ 
most instantly, as, for instance, failure of electrical machineryi 
underground cables, oil switches, etc. Other parts may fail 
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and the system will continue to operate for a certain period, 
and before the danger point is reached repairs may be effected. 

In any case, a break anywhere along the line must be im¬ 
mediately cared for. This, with large and heavy machinery, 
is a different proposition from the repairs to the small plant of 
a few years ago. Everything, including even many of the 
wrenches, has to be carried by the traveling crane, which, as a 
rule, has two hoists, in this instance one of 60 tons, and one of 
five tons for more rapid manipulation. As it requires a con- 
siderable length of time to have repair parts made up, in the case 
of our large units, it is necessary to keep on hand spare parts to 
a certain limited extent, at least, in order that the prolonged 
disablement of a main generating unit of large size may be 
avoided as far as possible. 

If we consider the above diagram to be made out in duplicate 
or triplicate, properly cross connected, it will readily be seen that 
the stability of the system is greatly increased. This is what 
actually takes place in modern central station construction. Cer¬ 
tain of the links, such as coal supply, water supply, main station 
bus bars, etc., as a rule, constitute single links and are depended 
upon for absolute freedom from trouble. 

The best of our modern plants, operating under the most 
favorable conditions as to load factor, with steam turbines 
of the latest type, mechanical stokers and superheated steam, 
delivers about 12 per cent of the energy in the coal to the bus 
bars. From this must be subtracted the loss in transmission 
and transformation. The most efficient light known can actually 
make use of but about 10 per cent of this resultant energy 
within the range of the visible spectrum, so that we are actually 
converting into light but about one per cent of the energy in the 
coal. The efficiency of the electric motor is, of course, higher, 
in which case our total efficiency would reach possibly eight or 
even nine per cent. 

The matter of load factor, as it affects the generating system, 
is so radically different in the cases of the gas plant and the 
electric plant that it is difficult to find enough in common to 
afford any comparisons. In the gas system, generators may 
be operated at maximum economy, storing the gas all the while 
until the demand is made for it. There is, unfortunately, no 
such thing as storing any small part, even, of the output of a 
modem central station, other than in the revolving energy of the 
wheels themselves. 
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^ Modem generating systems are all polyphase, and in our large 
cities the safe limiting voltage is fixed by the insulation resistance 
of the underground system. It is, of course, advantageous to 
have a voltage as high as possible, especially when the energy 
has to be transmitted to considerable distances. An under¬ 
ground cable that can safely carry 1,800 lew. at 6,000 volts is 
capable of carrying over 3,000 kw. at 11,000 volts. As the ex¬ 
pense of the underground cable system is very heavy, this factor 
must be very carefully balanced against the other factor of the 
problem, that of absolute safety, if such a thing may be said to 
exist. Thus, various engineers and companies use different 
voltages. ^ The Manhattan Company at 11,000 volts operates 
side by side with the New York Edison Company which uses 
6,600 volts. The Commonwealth Company, of Chicago, operates 
at 9,000 volts, the Philadelphia Rapid Transit Company at 

13,000 volts, and the Philadelphia Electric Company at 6,000 
volts. 

The elements which have most to do with the main station 
cost are fixed charges, maintenance expense, coal, and labor. 
Both the fixed and maintenance charges are practically estab¬ 
lished with the design and construction of the plant. The items 
of coal and labor, therefore, are the most important of those 
items which may be affected by proper or improper operating 
methods, and are the chief factors in determining the generating 
cost, which, in this case, is taken to include the total cost of the 
mam and substation system. The thermal efficiency of a plant 
umir^ a high grade of coal does not differ greatly from that of a 
plant burning a lower grade, provided both plants are properly 
esigned and operated. If, now, in one station we can deliver 
coal to the fire room at $1.00 per ton and in another station it 
costs $3 00 per ton, uniform excellence of design being as¬ 
sumed, the second station cannot approach the first in generating 


While this cost does not by any means fix the selling cost. 

Lj/ii important, and, where energy is purchased in 

arge blocks, one of the deciding factors. The relation of the 
generating to the selling cost is clearly shown in published reports 

lOOq^^r Company, for the year ending June 30, 

mttT 1 f ^^^^cli’^setts Gas and Electric Commission. 

{Electneal World, September 30, 1909). This is probably a 

air example of an average large central station system selling 

current for both lighting and power. The following table will 
illustrate the above relationship. * 
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Item Per cent of 

total cost 

Manufacturing cost.■.. 24.60 

Purchased electricity .. 0.02 

Distribution cost. 15.65 

Office expenses, management, etc. 15.65 

Miscellaneous taxes, insurance fund charges. 44.00 


100.00 

Further information with regard to the above system might 
be of interest. 

Kw-hr. generated during the year.90,877,123 

Kw-hr. sold during the year...62,177,318 

Ratio of energy sold to energy generated.68.5 per cent 

Coal consumed..95,350 tons, or 2.35 lb. per kw-hr. 

The total expense is 12.5 per cent of the total capitalization. 
The manufacturing cost including main and substations, which 
is 24.6 per cent of the total cost is subdivided as follows: 

Manufacturing Cost, Main and Substations 


Item Per cent of 

total cost 

Fuel...'. 12.50 

Rentals, real estate. 0.80 

Oil and waste. 0.19 

Wages at stations. 6.18 

Water. 0.70 

Station repairs. 0.37 

Steam plant repairs.'. 2.11 

Electrical plant repairs. 1.74 


24.60 

It must, of course, be understood that local conditions affect 
most materially the matter of relative costs. The possibility of 
reducing certain items of expense or of eliminating them alto¬ 
gether, such as office expense, metering and collecting, etc., has 
been carefully considered by central station men, and one solu- 

A 

tion is exemplified in the very low cost to street railway com¬ 
panies, which is given by the Commonwealth Edison Company, 
of Chicago, which has figured out that with careful engineering 
a lighting company can depend upon the increase of load factor 
brought about by a combination of lighting and railway loads 
to establish a profitable safe selling price below that at which a 
single plant for either lighting or railway purposes alone could 
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generate it. The price given in the case of certain railway load 
carried by the Commonwealth Company, as published, is 0.5 cent 
per kw-hr. plus $15.00 per kw. of maximum demand during the 
year, sold at the main station bus-bars. 

The design and construction of any system is one of the im¬ 
portant factors in determining the generating cost. These 
elements also enter very materially into the question of relia¬ 
bility. It is impossible for a plant of inferior design or construc¬ 
tion to compete with one well designed, and efforts made to 
overcome this constant drawback by more careful and sys¬ 
tematic operating methods are always accompanied by in¬ 
creased cost and possibly by chance of interruption of service. 
Machinery should be installed with due regard to its probable 
life in service. Any defective or uneconomical machinery should 
be discarded. A shut-down in a large system is a dear price to 

pay for the relatively small saving caused by retaining such 
machinery. 

One noticeable feature in the latest station practice would 
seem to be the introduction of the steam turbine, not only in the 
case of the main generating units of the plant, but in connection 
with auxiliary apparatus, such as boiler feed pumps etc. The 
added simplicity, great reduction in space required and also 
the fact that these small units combine the facility of handling 
of the motor-driven with the reliability of the steam-driven 
auxiliaries, and also that they are fairly economical in the use 
of steam, goes far towards recommending them for such pur¬ 
poses. They may be operated condensing or non-condensing 
as required. The steam curve of a certain 90-h.p., high-pressure 
turbine, using steam at 175 lb. pressure, shows, at full load, 

34 lb. of steam per hour, at three-quarters load, 37^ lb., and at 
half load, 45 lb. 

One item which should be carefully considered when any 
plant is projected is that there should be incorporated in its 
design provision for periodic testing, for measuring the steam 
taken by the auxiliaries, for instance, in more or less detail, 
for running boiler tests, etc. Without this provision, necessary 
changes in piping and connections in preparation for such a test 
involve^ such a considerable amount of labor and annoyance 
that it is quite probable that little actual testing will be carried 
on. In any event, the cost of conducting experimental in¬ 
vestigations under such conditions will go far towards defeating 
the very purposes of the tests. 
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Testing may be made easy, convenient and practical. The 
fundamental measurements which are necessary are, of course, 
the weight of coal .and water consumed, and the electrical 
measurement of the station output. The readings of the main 
output meters of the station should he carefully watched and the 
instruments regularly checked. In this connection it is im¬ 
portant that, if possible, the instruments be checked with their 
respective series transformers in place. Thermometers should 
be installed at all important points such as in the steam lines, 
boiler feed lines, and in connection with the condenser equip¬ 
ment. The absence of proper installation for testing purposes, 
whether omitted for the sake of simplicity or otherwise, makes it 
impossible to obtain the best results. 

In our modern stations we note that this matter is being very 
carefully considered, and provision made so that all such in¬ 
vestigations may be conducted at a minimum of trouble and 
expense. The operation of a properly designed modern station 
thus becomes, in itself, a constant succession of tests. Regular 
and periodic records are kept covering the items, the information 
contained in these records being at times very valuable. 

Several items incident to economical operation might here be 
mentioned. The amount of blow-off leakage should be weighed 
at stated intervals. The blowing down of boilers should also 
be carefully recorded and should find its place in the analysis 
of heat losses. Losses due to mechanical inefficiency of auxiliaries 
should be reduced wherever possible. These become a constant 
drain on the station, even though at times the excess of exhaust 
steam is necessary to heat the feed water. It is advisable, 
therefore, to use high efficiency auxiliaries, mostly steam driven, 
and, if more steam is needed at times of peak load, or even regu¬ 
larly during the day, to obtain it from other sources, for instance, 
the second-stage pressure of the steam turbine units may be 
made use of. 

It should be observed that whatever steam is admitted to the 
heaters should be actually utilized therein. This means that 
the heaters themselves must be properly cared for and kept in 
an efficient condition. Exhaust piping should be carefully 
covered in order to prevent condensation before the steam is 
returned to the heaters., The condensation of the main steam 
lines should be known, and occasionally, if possible, it may be 
advisable to make a test to keep a check upon it. The firing 
of soft coal is best cared for by stokers, by which means regular 
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and efficient combustion can be maintained, the smoke nuisance 
is eliminated, and a saving both of coal and of labor, is accom¬ 
plished. Flue gas analysis is, of course, necessary. The best 
method of taking samples and of analyzing is still subject to a 
divergence of opinion. The method of obtaining an integrated 
sample over an eight hour run on a boiler, or three samples 
per 24 hours, seems to offer many advantages. The ashes should 
be carefully weighed and a regular analysis made to indicate 
the proportion of combustible matter thrown away unconsumed. 
Every effort should be made to reduce this waste to the minimum 
and herein is an opportunity for considerable saving in very 
many plants. 

Careful attention must be paid to loading up of the main 
generating units, and the same applies to the substation ma¬ 
chinery. It is frequently good practice to put the next incoming 
machine on the line rather early, in the case of a rising load, 
and to take it off early in the case of a load which is going down. 

Load factors are more directly affected by the commercial 
than the engineering departments of the company, yet the 
question of load factor is vitally important in its effect on station 
cost. Sufficient men and machinery must be provided to care 
for the maximum possible load for the day. A thunder storm 
may raise the load by as much as 100 per cent or more. Boilers 
cannot be started up at a moments notice nor can auxiliaries 
or main generating units. It is, therefore, advantageous to 
install boilers that can be operated economically over wide 
ranges of load. The saving possible by thus reducing the banked 
fire losses is considerable. If boilers and other machinery be 
operated at 100 per cent over rating, it is evident that the 

machinery in commission could be reduced fully one half in very 
many instances. 

As an example of the above, two specific cases were taken in 

one of which the boilers were operated so as to carry the peak 

load of the station at normal rating, and in the other case the 

boilers were pushed at 100 per cent over rating on the peaks, 

an additional boiler being carried along as a reserve. The figures 

representing the coal used under the above conditions are as 
follows: 

Case 1. Boilers at rating. Total c.oal burned 210 tons, of 
•which 35 tons -were used on banked fires, leaving 175 tons actually 
consumed in producing steam. 

Case 2. Total coal consumed 181 tons, of which banked 
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fires consumed 11 tons, while 170 tons were used in producing 
steam. In this particular instance, therefore, a saving of 
29 tons, or 13 per cent, in fuel is obtained by pushing the boilei's' 
as above stated. 

One of the great advantages of certain stokers over hand- 
fired furnaces under large boilers is the fact that the'stdkeis caii^ 
continue to operate at heavy overloads for a considerable length 
of time, whereas, as a rule, firemen cannot be depended on under 
such conditions except for very limited periods. 

To illustrate the load that can be safely carried on a good 
boiler and to show the advantage of being able to operate a boiler 
at 100 per cent over rating still more plainly; consider a standard 
630-h.p. boiler having 6,300 sq. ft. of heating surface and evapo¬ 
rating 21,750 lb. of water from and at 212 deg. fahr. per hour, 
or 3.45 lb. per sq. ft. of heating surface per hour. Assuming 
20 lb. of water per kw. of plant output, the boiler would carry, 
at normal rating, a station load of 1,087.5 kw., while at 100 per 
cent over rating, which, as tests have shown, is not at all im¬ 
possible under proper conditions, one 630-h.p. boiler would 
carry a load of 2,175 kw. Figuring from the factors of evapora¬ 
tion, assuming the feed water was being supplied at 180 deg. fahr., 
and that the boiler was delivering saturated steam at 175 lb. 
pressure, at 100 per cent over rating, and taking 2,175 kw. as the 
starting point, we find that by shutting down temporarily on 
the feed water, or in other words, resorting to the procedure well- 
known to all engineers of carrying water high up to peak, and 
leaving the peak with water slightly lower than normal, we can 
get an output from this same boiler from the energy stored in 
its own drums in the form of highly heated water, of 19J per 
cent additional, or a total of 2,599 kw. This is not given as 
advocating the practice above mentioned, although without 
doubt it has probably saved more than one plant from a shut¬ 
down. The practice may be a dangerous one in a large plant. 
The point is, if such an increase in boiler output can be obtained 
by this means, it is one of the factors to be considered in the 
designing of our new boilers. 

It is hoped, however, that the necessity for this procedure may 
never exist when the ideal station boiler is designed. Very many 
tests have been made on boilers at over rating in which very 
high efficiencies have been reached over wide ranges of load. 
In one instance at hand, a water tube' boiler was operated at 
from 130 per cent to 190 per cent of rating with a very slight 
drop in efficiency. 
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Two factors entering seriously into the problem of reliability 
are the necessity for an interrupted coal supply, and also an 
ample supply of water for the condensers and the boiler feed 
pumps without chance of interruption, at all seasons of the year, 
and under all river and tide conditions. The lack of proper 
'•^vater supply is one of the reasons why the culm banks of our 
state have not been put to further use. The amount of water 
necessafy in a plant of 50,000 kw., assuming 20 lb. per kw. and, 
in summer, 50 lb. per lb. of steam condensed, would be 50,000 
X20 X50 = 50,000,000 pounds of water per hour. 

The variation in temperature of water used for condensing, 
due to change in seasons is considerable. Thus, not only is a 
very much larger amount of water necessary at certain seasons 
than at others, in order to obtain high vacua, but circulating 
pumps must be installed either in duplicate, or adapted to varia¬ 
ble speeds, in order to care for this condition. The average tem¬ 
perature of the water taken from the Schuylkill River for the 
past year was as follows: 


_ 1909 

January. 

February. 

March. 

April.. 

May. 

J une. 

July. 

August. 

September. 

October. 

November. 

December. 

Highest temperature 
Lowest temperature. 


Monthly average 


37 deg. fahr. 
40 “ 


54 “ 

64 “ 

74 “ 

80 

79 “ 


u 

a 

a 

u 

u 


75 “ 

64 ‘‘ 

53 '' 

38 “ 


u 

a 

a 

u 



84.4 deg, fahr. July 2, 1909 
34.2 “ “ February 2, 1909 


Every station should have worked out and kept in a con¬ 
spicuous position—for instance, framed and hung over the desks 
of the chief operating men—a standard table of heat losses 
covering the best results that could reasonably be expected from 
the plant under the most favorable of conditions. This would 
then become an encouragement to endeavor to reach in practice 
the limits which theory has established. A plant operating 
without any detail knowledge of its heat expenditures works 
under a great handicap.* Many of the items of heat expenditure 
are easily obtained. They are of very great assistance in re- 
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ducing -unnecessary plant losses. The following comparison 
between the results obtained in the large turbine station of the 
Commonwealth Company, of Chicago, and the reciprocating 
plant of the Interboro Rapid Transit Co., of New York, both of 
which sets of figures have been published at length and fre¬ 
quently quoted, is of interest. 


Commonwealth 

Co. 


Interboro 
R. T. Co. 


Refuse in ash pit. 

Rejected to stack. 

Radiation and unaccounted, for. . 
Banking fires. 

Rejected to condenser. 

Total boiler room losses. 

Total turbine room losses . . 

Delivered to bus bars. 


Boiler Room Losses 


3.0 

2.4 

19.6 

22.7 

8.0 

8.0 

5.6 


Engine Room Losses 

48.1 

60.1 

36.2 


51.8 


12.0 

10.3 


We note in the turbine plant that the percentage of total 
heat rejected to the condenser is much lower than that in the 
reciprocating plant, the figures being 48.1 and 60.1 respectively. 
This would indicate, with equivalent boiler conditions, a greater 
mechanical efficiency for the turbine than for the reciprocating 
unit. This suggests the condensing equipment. It is extremely 
important that the condenser installed be of the highest possible 
efficiency and also that it be capable of producing a high vacuum 
at the time of peak load on the’station in order that the boiler 
output may be reduced to the smallest amount possible at that 
time. The differences in temperatures between the exhaust 
of the main generating unit and the discharge water of the con¬ 
denser should be as low as possible. 

it frequently becomes necessary to depart slightly from condi¬ 
tions of maximum economy in order to give proper insurance of un¬ 
interrupted service. Under no conditions can we afford a general 
station shut-down. It is, therefore, generally necessary during 
the day and up until after the evening peak, say 11 o’clock 
at night, to have always available on the line an extra generator 
in the main station. This, in a turbine plant, is very easily 
accomplished by bringing up a machine to full speed, synchroniz¬ 
ing and throwing it on the line. Closing the throttle valves 
then gives a machine as a motor ready for instant service merely 
by opening the steam valve. Steam saved by thus operating 
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the turbine is considerable, as the remaining units may be kept 
at full load. It is, of course, necessary that the turbine should 
be allo'wed sufficient steam at certain intervals to keep it warm. 

A first reserve unit in addition to those kept on the line, is 
always kept in readiness, a&far as possible, with oil turned on 
and the condenser pump in operation ready for turning over of 
the main unit at a moment’s notice. With regard to the sub¬ 
station machinery and apparatus, it is advisable that at times 
of heavy load this be operated well loaded rather than under¬ 
loaded, thereby reducing the load at the main station as much 
as possible. 

Another matter which has lately been claiming recognition 
is the regular and systematic keeping of temperature records of 
all electrical machinery, particularly that which is heavily loaded. 
One way of caring for this is to install maximum thermometers 
in all large machines and pieces of apparatus liable to overload, 
and to take from these regular weekly readings. These readings 
are tabulated in proper form and come to the headquarters of the 
operating department weekly with the inspection records. 
Apparatus which has been seriously overloaded and possibly 
not reported is then readily noted. It has been found that ma¬ 
chines such as turbines, which have to be periodically cleaned 
by removing the revolving field in order to provide access to the 
air ducts of the armature iron which are apt to become choked 
up with dust and grease, are more safely operated if this record 
is kept, as the gradual rise in temperature due to such stoppages 
in the air ducts becomes evident week after week by increased 
values of the readings of the maximum thermometers. This 
dangerous condition otherwise might pass unnoticed. The 
method was first brought to my attention by the .operating 
officials of one of the large New York systems. 

In the matter of obtaining the lowest possible station cost 
consistent with reliability, I desire to call attention to a small 
matter whiqh, tiowever, may be the possible means of effecting 
a saving which is fiot always properly taken into account. De¬ 
tailed costs are generally worked out in fractions of a cent per 
kw-hr. For certain reasons it is occasionally a good plan to 
work out all items of cost that pertain to the transportation, 
unloading, conveying, handling and firing of coal, including labor 
in the fire room, and ash disposal, also the maintenance of all 
apparatus involved in the above, including boilers, stokers, etc., 
as so many cents per ton of coal burned. In this way figures, 
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each of which is directly proportional to the coal burned, will 
be given more meaning to the foreman and others, than if they 
are expressed in small fractions of a cent per kw~hr. 

For instance, it is an easier matter to make a saving on repairs 
to boilers or in coal handling, or toy other similar items, if we 
can tell the head of a boiler department that his cost is 15 cents 
per ton of coal, than if you tell him it is 0.025 cents per kw-hr- 
A man will work harder to bring this 15 cents down to 12 cents 
than he will to reduce a very small fraction by a microscopical 
amount. We will thus have cost per ton at the mine, transporta¬ 
tion, lighterage, unloading, conveying, bunker expenses, labor 
on the fire room floor, repairs to boilers, furnaces, and to the ash 
conveying machinery, and also cost of ash removal, all expressed 
in cents per ton of coal consumed. 

And right here it might be stated that one of^the best means 
for obtaining economical station operation is to encourage every 
member of the working force to take care of his particular work 
in the most careful and economical manner by giving him a 
desire to do better work and by actually giving him enough 
information to see that his own work is important and is being 
kept account of, letting him see that any change in the efficiency 
of his department, small or large, becomes a matter of permanent 
record. He thus feels that he is a factor in production and is 
anxious to do his best. The above method commends itself, 
also, in that it has absolutely nothing to do with the selling cost 
and the unit of energy, and is therefore a safe figure to use. 

Power factor is a matter which must be carefully watched by 
lighting companies supplying alternating current load. There 
seems a tendency in spite of careful engineering, for the power 
factors to grow lower. It then becomes necessary at certain 
stages to install synchronous apparatus in sufficient amount 
to counteract the evil. This synchronous apparatus should be 
installed at the substation where the power factor is particularly 
low. This is frequently made possible by the installation of 
synchronous motors driving arc light generators, which are 
naturally shut down during the time of day load when the 
power factor is low, and thus become an extremely convenient 
means of increasing the power factor. Trouble with low power 
factors exists in a more troublesome degree in summer than in 
winter. This makes the generating machinery operate at high 

ti 

temperatures. It therefore becomes very convenient to make 
use of the reserve turbine unit operated as a motor with over- 
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excited field to reduce the current and temperature of the running 
machines. 

Other corrections for poor power factor, outside of syn¬ 
chronous motors, are in the line of insuring proper voltage to 
motors and loading them up^o the limit of safety. Low power 
factors are also possible by wrong connections, and in regard 
to the synchronous apparatus itself, it is very necessary that the 
substation operators be trained to run with a high power factor 
or leading current when required, as an under-excited synchron¬ 
ous motor is worse than none at all. When we consider that any 
load contracted for of a power factor of 50 per cent practically 
means a doubling of the capitalization per kilowatt involved the 
importance of good commercial engineering is very manifest. 

The transmission system of our large companies is, in great 
■part, underground, and it is necessary that it be as carefully 
installed and protected as possible. Short-circuits and high- 
potential surges may be encountered at any time and unex¬ 
pectedly, and must be cared for. The use of choke coils in the 
main leads of large turbines is being urged in large 25-cycle 
installations on account of the necessity for protecting the switch¬ 
ing apparatus. The short-circuits that can be obtained from 
present installations of turbine units in certain plants are 
enormous, and it is unsafe to rely upon any oil switch yet manu¬ 
factured to open it. In such a case there seems to be very 
little choice; choke coils must be installed. On 60-cycle sys¬ 
tems, however, the necessity for this protection is not quite so 
urgent, although it is quite possible that our large stations of 
this frequency may yet have to be thus equipped. 

“ The momentary short circuit current of an alternator 
bears to the permanent short circuit current the ratio 

armature self-inductance-}-armature reaction 
armature self-inductance 

ft 

‘‘ In machines of high self-inductance and low armature re¬ 
action this increase of the momentary short circuit current 
. . is moderate, but may reach enormous values in ma¬ 

chines of low seLf-inductance and high armature reaction, as 
large low-frequency turbo-alternators.” This is an inherent 
feature of the turbo-generator. “ The momentary short-circuit 
current is from 40 to 50 times full-load current, which is a fact 
that in large turbine plants must be carefully considered in con- 
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nection with the other parts of the system and most especially 
in connection with switches and circuit breakers.”'^ 

In several systems, the neutral of one or more machines is 
grounded either through a resistance or solid, thus allowing any 
grounded feeder to cut itself out of’^nommission generally under 
overload rather than short circuit conditions which relieves the 
situation somewhat with regard to oil switches. Certain in¬ 
dicating devices have been worked out which show any un¬ 
balanced static condition in a cable system, locating the grounded 
feeder before a short circuit results, and giving the operator 
warning to immediately cut the feeder out of commission. For 
an excellent description of such a device see article in the Trans¬ 
actions of the A. I. E. E., October 11, 1907, Volume XXVI, 
p. 1619, by Mr. Torchio. 

The installation provided in the case of substations for the 
direct current districts will generally include a storage battery 
reserve sufficient*to carry them temporarily over any chance loss 
of current for a sufficient length of time to enable the operators 
to get the revolving machinery into commission again. Alter¬ 
nating-current substations are generally provided with air-blast 
transformers, although if the voltage is high, of course, oil- 
cooled transformers will be used. These transformers may have 
dial heads for adjustment of primary voltage if desired. Auto¬ 
matic regulators in which the relation between the position of 
the primary and secondary coils is changed automatically 
by means of a motor, controlled by a relay operated by a com¬ 
pensating voltmeter attachment calibrated for the special line 
drop in question, are being installed in large numbers and are 
giving excellent satisfaction on these 2200-volt circuits of the 
alternating-current distribution system. 

This induction regulator is essentially a transformer, in 
that, neglecting the slight loss in the regulator itself, the product 
of volts and amperes on the primary side is equal to the product 
of volts and amperes on the secondary. The primary is wound 
for full line voltage and acts as the exciting coil, being connected 
directly across the line. The secondary or stationary element 
carries full load current and is directly in series with the line. 
The flux set up by the current in the primary affects the second¬ 
ary or series winding according to its direction and intensity. 
The neutral point is where the two coils are at right angles. 

* Steinmetz “ Transient Phenomena”, p. 201, and Proceedings of the 
N. E. L. A., 1909, p. 154. 
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Rotating the primary in either direction from the neutral im¬ 
presses a voltage on the series winding which increases or de¬ 
creases the line voltage as is desired. In order that the wave 
form may be preserved, both primary and secondary coils are 
designed with as many slots as possible, and, in order that the 
secondary may not, by the field set up by its own current, act 
as a choke coil, and thus lower the power factor of the regulator, 
the primary winding of these regulators is provided with a short 
circuited winding at right angles to the main winding. With 
the regulator on the neutral position this causes the primary 
to act as a short circuited secondary of a transformer so that the 
choking effect of the secondary flux is eliminated. The power 
factor of the regulator is fairly high, and as the capacity of the 
regulator itself is rarely more than 10 per cent of the circuit 
capacity its effect in reducing the power factor of a lighting load 
is but a fraction of one per cent. 

Voltage schedules on the 2,200-volt circuits are made out by 
the department of distribution and forwarded to operating head¬ 
quarters, giving the pressure to be maintained at the substation 
voltmeter with each change of load in amperes. These once in 
effect are not changed or departed from in any way until super¬ 
seded by new schedules properly approved and forwarded to the 
substation. Each circuit panel carries this voltage schedule 
card in a card holder on the panel itself, so that it is always 
available for checking. 

A slight use of the vector diagram will readily show that for 
circuits of variable power factor—for instance when the day load 
consists of motors giving a power factor of 70 per cent, and the 
night load which is mostly a lighting load, with a power factor of 
95 per cent,—no one voltage schedule based on amperes alone will 
properly care for the voltage at the load center. In this case the 
voltmeter and relay control for the induction regulator must be 
compensated for the line characteristics. With substation volt¬ 
meters corrected by compensation for line constants, all the 
voltmeters in the stations will read practically alike, or the 
voltage at the consumers' premises, and the mental calculation 
of the operator in following schedules, which in a station of 
many circuits becomes practically impossible, is made unneces¬ 
sary. The line e.m.f., of course, varies with each circuit. 

The keeping of records is an important part of an operating 
system. The exact records to be kept and the details to be 
followed will necessarily vary with the size and type of the sys- 
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tem involved. As the system grows, detail becomes more and 
more necessary and the blending of the reports of the different 
branches into one complete whole, which will give us exactly 
what we may require at some future time, and yet which will 
avoid repetition and unnecessary labor, becomes the subject of 
considerable thought. First in importance, perhaps, among the 
operating records comes the station log book. This is a daily 
entry of all the main facts concerning load, engines on line, 
boilers in .service, being repaired, cleaned, etc., pumps and 
their operation and, in fact, covers the operation of the plant and 
system. Thus, the log book for a station of 5,000 kw. would be 
entirely ina<lequate in the case of a plant of 25,000 kw., and the 
ojierating records of a l00,000-kw. plant naturally would involve 
greater detail than those of a 25,000-kw. plant. The object in 
keeping the station log book is two-fold; for assistance in laying 
out plans for daily operation and future growth, and secondly, 
for keeping on record certain important facts which may be 
called for at any time. In small stations these records are kept 
by one man as a part only of his many and varied duties. As 
the system grows larger this work increases so rapidly that a 
man will have very little to do outside of what pertains directly 
to his log-keeping. About this time it also becomes necessary 
for the data to be given to the log-keeper, as he has no time to 
look it up. This will be taken care of probably by the regular 
reports of minor departments. With a still larger system, two 
separate log books will be kept, one for the mechanical and one 
for the electrical department. The entries in these books will 
then be made directly by the operating men themselves and will 
become records at first hand. Engineers and electrical foremen 
operating on successive shifts will sign the log of the preceding 
shift as well as that of their own to put themselves on record 
that they have made themselves familiar with the operating 
conditions under the previous shift. Reports in abstract will 
now lie tiikcn from tw(j log books instead of one. 

Of the ofliice records of a generating system, next in importance 
to tile log book comes the card index system covering in detail 
every piece of appjiratus in the system with the date of in- 
.stullation, first cost, order number, and a complete description, 
including a name-plate, serial number, etc. so that information 
is at hand in case replacement or spare parts are desired. This 
not only applies to every engine, generator, exciter, battery, 
etc,, but to every j>iece of machinery and apparatus in operation 
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which is liable to have trouble and need repairs. It thus in¬ 
cludes a record of all series and potential transformers, air blast 
transformers of alternating and direct current substations, 

rotary converters, motor generator sets, etc. Each large piece 

• ■ 

of apparatus bears a specific number which is entered on requisi¬ 
tion, whenever necessary, in order that all expenses involved in 
connection with any piece of apparatus may be entered on record 
in connection with the card itself, so that at any time a system 
with proper records should be able to give the maintenance 
charge against any piece- of apparatus desired, whether this is 
asked for yearly or after a period of years. 

In order to weld the whole operating force, electrical and me¬ 
chanical, main station and substations into one compact whole 
so that concerted action may be possible, instruction sheets 
specifically intended for one particular branch are distributed 
throughout the system. These are kept in binders provided 
for the purpose. Blue prints covering bus bar wiring of every 
station are sent to all stations for the same reason, as are also 
detailed prints giving the switchboard panels with every instru¬ 
ment, switch, etc., numbered, and covered by card in card 
index system as stated before. Each operator is then in a posi¬ 
tion to advise with regard to the disablement of any particular 
part of his apparatus by merely referring to a drawing and panel 
number. In this way it is frequently possible to save consid¬ 
erable time in making repairs and in getting reserve apparatus 
into commission. It also assists materially in instructing. the 
operating force, broadening their knowledge and making them 
think for themselves. 

In a large and complicated system, it will generally happen that 
a miniature of the system covering every machine, bus bar, 
switch, cable, piece of machinery in both main and substation 
will be found necessary for the assistance of the main station 
operator. Apparatus in service and position of switches will be 
indicated by appropriate markings. This exemplifies the 
necessity for a central station operator on the main board or in 
close touch therewith. 

Complete detailed drawings and card index should also be 
kept of the various piping systems, valves, etc., of the me¬ 
chanical department of the generating station. All important 
valves of the plant should be numbered and each should also 
bear a tag with its number, and description of the valve. 
Reference to valves will always be made by numbers. In- 
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struction sheets are also issued in this connection with special 
cuts covering, for instance, detail of step bearings, middle 
bearings, upper bearings, of turbines, etc., showing oil grooves 
and general construction. In a system involving a great 
complexity of piping, as is necessary in plants of a large size, too 
much care cannot be taken that the men are carefully drilled 
with regard to the location and exact function of every pipe and 
valve, giving them a better knowledge of the complete system 
rather than that of only the particular part of the same in their 
immediate vicinity. This system of blue prints and records 
gives all men a chance to offer suggestions, without which 
feature the best of operating systems is working under serious 
disadvantage. Piping systems in large stations are generally 
painted in special colors to better designate their specific function. 

With growth comes a necessary division of responsibility 
which necessitates an organization that will work smoothly 
yet flexibly in order that proper care and attention may always 
be given to every detail. Slight defects are occasionally found 
in machinery or apparatus of the method of caring for the same. 
These may be of more or less importance, possibly not at all 
dangerous in themselves, but collectively they have an influence 
tending to lower the standard of the station equipment. To 
give good and reliable service, all machinery, switches, etc., 
must be kept in first class condition at all times. Therefore, to 
guard against omissions of inspection, or any possible oversight 
or infringement of regular operating rules, a careful system of 
inspection and checking is necessary. Every piece of apparatus 
and every special inspection, or regular overhauling of a piece 
of machinery, every emergency drill and test, is cared for under 
specific inspection number. These are grouped according to 
departments and according to periods of inspection. The main 
inspection sheet, carrying the list of inspections necessary, is 
grouped into as many columns as there are week ends in the 
month. All inspections made, therefore, during the above 
week are noted by special marks opposite their names, and the 
initials of the foreman, engineer, or assistant making the specific 
inspections are required opposite each item. 

At the end of every week the complete list of inspections not 
made or machines or apparatus not in perfect condition, rules 
which have not been complied with, or any departure from regu¬ 
larity in test or otherwise, is abstracted from the weekly detailed 
inspection sheet and sent to the office of the operating head by 
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the main department chiefs. The signing of this inspection card 
in itself constitutes an order to have such discrepancies corrected 
before the next succeeding week. No item is expected to appear 
on the inspection card for two consecutive weeks. The system 
of inspection is made absolute, and it therefore rests with the 
operating head whether he will accept conditions as they are, or 
insist upon them being corrected. The natural result of this 
system has been a higher ideal of excellence in both equipment 
and station conditions, and an increased spirit of confidence, 
which is essential for the best results. 

Another important point which assists in maintaining a high 
standard of reliability is the selecting, training, drilling and re¬ 
drilling of the working force. It is not enough that the directing 
head be well assured that every man in his system knows his 
duty in times of trouble as well as when things are running 
smoothly, although this in itself is no slight undertaking, but he 
must be absolutely assured that each man will act as his best 
knowledge dictates under all conditions. A man can only get 
acquainted with accidents by experience. A majority of acci¬ 
dents due to the breaking down of apparatus never occurs after 
the first time. It will not be questioned, therefore, that the 
value of the operating man to the company increases directly with 
his length of service. There are, unfortunately, occasional 
accidents due to mistakes of the men themselves. As a rule 
these are not due to ignorance. A great majority of them are 
made by men who have been trained and who know better. 
There are times when a man’s brain and hand do not act to¬ 
gether. The elimination of this class of mistakes is a necessary 
step in the direction of good service. Mistakes can be made in 
construction and in design which may never appear excepting 
to a limited few, but an error in operation appears in. ever 
widening circles, reaching possibly the remotest consumer on the 
company’s lines. 

As a fundamental requirement, therefore, we will grant that 
our active operating men must be given reasonable hours, good 
pay, reasonable prospect of advancement, as the occasion may 
offer, and be relieved as far as possible from worry and annoy¬ 
ance of any kind. Without good organization throughout the 
whole generating system, this is impossible. 

There are thrown every year in a certain substation system, 
197,000 switches, a mistake in any one of which might perhaps 
cause local trouble. The quality of service given by large 
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companiCvS, however, shows that the errors here are comparatively 
few. They do, however, occur occasionally. In the main 
generating station of the same system there are thrown yearly 
some 52,000 switches. A mistake here is more far reaching in 
its effects than a corresponding mistake in any substation, as it 
may possibly involve the whole system. By exercising great 
care the number of mistakes of this latter kind are very few, 
possibly none at all being made which involve anything more 
than local trouble. To eliminate these few remaining errors, 
however, and to provide against unforeseen contingencies, a 
rule that every operation involving main station switching ex¬ 
cepting in minor cases, must be checked by another operator 
or foreman whenever it is physically possible has given con¬ 
siderable ground for satisfaction. 

Finally comes the choosing of the working force and the selec¬ 
tion of the foreman, engineers and assistants. This, at first, 
might seem the easiest part of the whole. There are, however, 
very many points to be considered even in the selection of men 
in minor positions. It must always be borne in mind that the 
helper may one day be an engineer or a foreman or even more. 
In the choice of men for the various positions of authority, those 
must always be selected who have, together with other qualifica¬ 
tions, the ability to handle men and the capacity for grow'th. 
At times the choice of a man to fill the larger positions is self- 
evident. In order, however, to avoid even the semblance of 
partiality or favoritism, it has occasionally been found a good 
plan to give each applicant an examination based on such at¬ 
tributes as a man in the coveted position should have. These 
will involve such points as honesty, ability to handle men, ability 
to achieve results, cool headedness, technical knowledge, me¬ 
chanical ability and others. A sheet is prepared for each name, 
bearing in column form the various attributes, given, with their 
relative values, by the head of the department. An examining 
board, composed of assistants of experience, each of whom has a 
sheet for every applicant, places such values on each man’s 
sheet as his own experience and knowledge of the man in question 
would seem to entitle him. Each name is completely marked 
before the second name is considered; so there can be no recollec¬ 
tion, even unintentional, of what numbers the preceding man has 
obtained. The figures are then carefully added up in the office, 
and corresponding grades attached. It is a peculiar fact that it 
rarely happens there exists any real difference in opinion as to 
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who is the best man for the position. The value of this method, 
of course, lies in the fact that it is absolutely impartial. Every 
man on the examining board must be trained in matters per¬ 
taining to the operation of stations and central station systems 
in order to make it effective. The use of veto power will rarely 
be found necessary. 

Finally, equal in importance with preserverance, whole¬ 
hearted service and painstaking insistance on high standards 
on the part of every man in the department, is proper company 
organization and recognition of faithful and efficient accomplish¬ 
ment. 
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A paper presented before the Los Angeles Sec¬ 
tion of the American Institute of Electrical 
Engineers, March 22, 1910. 


Copyright 1910. By A.I.E.E. 


ELECTRIC POWER IN THE CONSTRUCTION OF THE 

LOS ANGELES AQUEDUCT 


BY E. F. SCATTERGOOD 


The Los Angeles aqueduct extends from the intake in Owens 
valley, about 12 miles north of the town of Independence, to 
the storage reservoirs at the head of the San Fernando valley, 
about 24 miles distant from the city of Los Angeles, from which 
point the city water department will take care of the distribution 
of the water. The length of the aqueduct proper is, therefore, 
240 miles. 

From the southern end north to the north portal of the 
Elizabeth lake tunnel, a distance of 35 miles, the work is heavy, 
being to a considerable extent composed of tunnels, including 
the Elizabeth lake tunnel, some 27,000 ft. in length, through 
granite rock. Preliminary estimates showed that in such sec¬ 
tions the considerable amount of power required could be fur¬ 
nished much more cheaply, from a central generating plant and 
distributed by high tension transmission, than by small power 
generating units, either by steam or distillate engines at various 
points as required. This section is supplied with power pur¬ 
chased from the Southern California Edison Company, and de¬ 
livered at one of its substations about four miles west of the 
aqueduct line and near the center of this section. From the 
Elizabeth lake tunnel to a point 55 miles further north, the 
aqueduct follows along the desert in the open, and estimates 
indicated that the conduit excavation, and concrete work of 
lining and cover, could be done more cheaply with the use of 
steam shovels and gas engines than by the erection of a tem¬ 
porary electrical generating and distributing system. From the 
Pinto hills north to the intake, a distance of 150 miles, there are 
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alternate sections of the heavy tunnel work and of the lighter 
conduit work. In the Owens valley there are numerous creeks 
flowing down the eastern slope of the Sierra Nevada mountains 
offering excellent opportunities for power in sufficient quantities 
for construction work on the aqueduct; and estimates showed 
clearly that power could be developed at these creeks and trans¬ 
mitted along this 150 miles, and delivered to all points requiring 
power, in large or small amounts, at a very much lower cost 
than that for which it could be furnished in any other way. 

It should be stated for the benefit of those who are not so 
familiar wdth the city’s project, and who may read this paper, 
that the power referred to here is for construction purposes only, 
and should not be confused in any way with the large amount of 
electric powder which may be developed along the line of the 
aqueduct when it is in operation, and which will total a peak 
load capacity of 120,000 h.p. delivered at step-down voltage in 
the city. 

Power System 

For the purpose of supplying power along the section of the 
aqueduct from the intake to the Pinto hills, hydroelectric plants 
were installed on Division and Cottonwood creeks. The Division 
creek plant is about three miles south from the aqueduct intake, 
and has a rated capacity of 600 kw. The works at the point 
of diversion at the creek cost $1,214. The penstock starting 
from this point, and extending down the slope 10,500 ft., consists 
of 6,291 ft. of 18-in. riveted pipe and 4,209 ft. of 15-in. lap- 
welded pipe, and cost, in place, $28,102. The effective head 
obtained is approximately 1,200 ft. The power house equip¬ 
ment consists of one tangential wheel direct connected to a 
2200-volt, three-phase, 600-rev. per min. generator and a bank 
of transformers, stepping the voltage up to 33,000, each of which 
has a continuous overload capacity of 25 per cent above the 
600-kw. rating. The power house is built of concrete in a sub¬ 
stantial manner. This is also true of the second one to be de¬ 
scribed, as these plants are intended to become a part of the 
permanent aqueduct power system. The cost of the power 
house and equipment, including three cottages, etc., is $21,100, 
making a total cost of approximately $84.50 per kw., or $63 per 
h.p. rated capacity at the switchboard. 

The Cottonwood power house is approximately 40 miles 
south from the Division creek plant. Its equipment consists of 
two tangential wheels, operated under 1,200 ft. effective head, 
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each direct connected to a 750-kw. three-phase, 2200-volt, 
600-rev. per min., generator, each of which in turn is connected 
to the 33,000-volt line through a separate bank of transformers. 
The works at the diversion point cost $3,964. The canyon for a 
distance of 3,750 ft. is so precipitous as to make a conduit or 
tunnel impracticable within reasonable cost, therefore, a 24-in., 
No. 12 gauge, riveted pipe was buried along the side of the 
canyon, at a cost of $9,352. ^ From this point to the forebay, a 
distance of 7,042 ft., a covered concrete conduit, 30 in. by 20 in. 
inside section, was constructed on the mountain side at a cost 
of $11,228. The penstock, with 523 ft. of 24-in. pipe and 4,009 



Cottonwood powder house—two 750-kw. generators power all 

utilized for construction work 


ft. of 22-in. pipe, or a total of 4,532 ft., cost $29,820. The power 
house and camp complete cost $49,638, making a total of $69.40 
per kw., or $51.75 per h.p. of rated capacity at the switchboard, 
the plant having 25 per cent overload capacity. 

The transmission line is 151 miles long, and is made up of 
three No. 4 bare copper wiresj two-part seven-inch porcelain 
insulators with iron thimbles, pins and bases; one wire on a 
15-in. crossarm at the top of a 30-ft. pole, and two on a 6-ft. 
crossarm below, and poles spaced 180 ft. apart. The average 
cost of this line is $862.50 per mile. About one-fifth of this line 
is through rough mountainous country, and the wagon haul for 
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the entire line an average of 12 to 15 miles. This line has since 
been extended from its southern end to the aqueduct cement 
plant, a distance of 17 miles, with No. 2 copper, at a cost of 
$1,050 per mile. The object of this extension is to deliver surplus 
power to the cement plant, with the advantage of supplementing 
the steam plant, thus saving fuel oil and making the entire 
system more flexible and reliable by running in parallel with 
two 750-kw. steam turbines at that point. Had the cement 
plant been contemplated originally, more copper might have 
been used along the whole line, and more generating capacity 
installed to advantage. As an interesting illustration of the 



Floating transformer station used in connection with suction 

dredge; Owens Valley 


value of synchronous condensers in connection with transmission 
of electric power, it may be stated that while delivering a dis¬ 
tributed load of 1000 kw. between the intake and the Pinto 
hills, 400 to 420 kw. could be delivered at the cement plant, 
125 miles from Cottonwood at 30,000 volts with 35,000 volts 
at Cottonwood w’hen not in parallel with the steam turbines; 
and that 800 kw. can be delivered at the cement plant when 
running in parallel, by strengthening the field of the turbo¬ 
generators, with the same voltage drop and the same distributed 
load along the line. 

There are about 74 step-down transformers connected to this 
line in banks of two or three; most of these transformers are of 
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40 kw. capacity, the remainder are either 20-kw. or 80-kw. 
The greater number are of the out-door type, which have given 
excellent satisfaction, and are very much liked by the men in 
charge of work, because of the decreased expense and time of 
setting them up. Most of them have been shipped from the 
factory with the oil in them, as they are in boiler iron cases, 
made suitable for moving with the oil in place, thus avoiding 
the necessity for drying out of transformers at isolated places. 
The protection of this high-tension line against lightning^ and 
surge voltages is a combination of low-equivalent arresters at 
the Cottonwood pow^er house and three sets of horn-gap arresters 
at other important places. The transformer stations are pro¬ 
tected by air-insulated choke coils and fused horn-gap switches. 
The comparatively small insulators for the voltage used, while 
they have given no trouble whatever, do undoubtedly serve to 
give additional protection to apparatus along the line by afford¬ 
ing relief from any excessive potential. No apparatus has been 
lost from lightning or surges during the eighteen months of its 
operation. 

By including interest, placing a proper depreciation on the 
permanent power plant, and assuming a low value of return 
from the copper on the temporary line, and on the transformers 
constituting the substations, (the system to be in use but foui 
years), it was estimated that the cost per kilowatt hour delivered 
at a step-down voltage, in large and small quantities as de¬ 
sired, would be approximately l.lo cents. The indications are 
that this estimate wdll prove to have been conservative. 

Uses of Electric Power 

Stating as briefly as possible the uses to w^hich this power is 
put”, there are in Owens valley about 20 miles of the aqueduct 
which can conveniently be built with dredges. Four electric 
shovels are in use for conduit excavation in the open country. 
One mill for regrinding tufa with the cement is located at Haiwee, 
22 miles south of Cottomvood. Electric power is used at 
Haiwee, also for sluicing and other work connected with the 
building of the earthen dam. There are approximately 18 miles 
of rock tunnels and three miles of earth tunnels provided for by 
this power system. The typical tunnel equipment consists of 
one air compressor, driven by a 100-h.p., 440-volt, three-phase 
induction motor; one 80-kw. motor-generator set, providing 
250-volt direct current for electric locomotives; lighting and 
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Other work inside the tunnels; other power for blowers, machine 
shop, hoists, pumping, etc., as the case may be, and for lighting 
camp. In case electiic locomotives are not used, as in shorter 
tunnels, alternating current at 110 volts is used for lighting in 
the tunnels also. 

D'}edges. Theie are two suction dredges in operation in Owens 
valley, each equipped with a 12~inch centrifugal pump, driven 
by a 100-h.p., 440-volt induction motor; one 40-h.p. motor to 
run the cutter, one 4:0-h.p. motor to run the jetting pump for 
breatcing down the bank over the cutter, and one 20-h.p. motor 
for ^ operating various hoists. There is also one dipper dredge 
of one and one-half yards capacit}^, of the friction type, driveui 



Di;j)per dredge in Owens Valley 


by one 100-h.p. induction motor. The step-down transformers 
in each case are mounted on a float, with the rack overhead sup¬ 
porting the choke coils and switch on which the taps from the 
transmission line land. The line being close by requires but one 
short span, and a crossarm is placed on the round cedar pole by 
clamping it with two bolts and a short piece on the back, as shown 
in the illustration, then pushing up at a safe distance from the 
lower arm. Connection is made with the line through' long 
spiral springs of tempered brass and a brass clip at the end. 
These are put in place by means of a long pole from an insulating 
stand, or by climbing a short distance up the power poles, with 
the line switches at the transformers open, and the transmission 
me hot, which necessity requires, and which cannot result in 
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personal harm when done by an experienced lineman, as is the 
case. The connection from the transformer float to the dredge 
is made by means of a three-conductor submarine armored 
cable. The cable is stored on a reel on a second float attached 
behind the dredge, with flexible connections to the dredge, so 

that the cable is automatically 
paid out, and when all out the 
flexible connections are detached 
and the cable wound up, then 
the reel float and the transformer 
float are towed up to the dredge 
together. This method has 
proved very satisfactory in 
avoiding abuse to the cable and 
in saving time and expense in 
moving. 

Electric Shovels. Electric 

shovels with three-quarter yard 
buckets, and 25-ft. booms, used 
for conduit excavation, are of 
the friction type, driven by one 
75-h.p., 2200-volt induction 

motor. The step-down trans¬ 
formers are mounted perma¬ 
nently on sleds or trucks, with 
the racks supporting the choke 
coils and switches permanently 
fixed overhead, and with two 
10-kw., 2200- to 440-volt trans¬ 
formers attached, supplying 

power for concrete mixers oper¬ 
ated in connection with each 
shovel. The cable used is three 
conductor No. 10 with rubber 
insulation, rounded out with 
jute, taped with weather-proof 
braid and half round steel armor over all. This connects between 
the transformers and the shovel and between the temporary 440- 
volt line on the power poles (about 1000 ft. back from the 
formers) and the mixers, and is giving excellent satisfaction. The 
considerable advantage experienced with the use of out-door 
type transformers in connection with dredges and shovels is 

very evident. 


Method of connecting portable 
substation to 33,000-volt trans¬ 
mission line 
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Electric Locomotives. Twelve three-ton electric locomotives 
rated at 1200 lb. draw-bar pull at six miles per hr. are in use in 
this section of the aqueduct. At each end of the Elizabeth tun¬ 
nel, which is not supplied from this power system, there is one 
locomotive of this size and one six-ton locomotive. In that 
tunnel, v^hich is approximately 90 sq. ft. in section when lined, 
the larger locomotive is preferred, making it possible to pull 
out 14 to 16 cars of muck at one time. The three-ton locomotives 
are of good size for the tunnels in the section under considera¬ 
tion, which are approximately 70 sq. ft. in finished section, and 
range from 2000 to 10,000 ft. in length where locomotives are 
used. The use of electric locomotives in these tunnels results 



Electric shovel on open conduit; Mojave Valley 


in a reduction in cost of excavation and placing the concrete 
lining, which is a considerable percentage of their total cost. 
The actual cost of removing muck and delivering concrete is 
considerably less than it would be if done in other ways, es¬ 
pecially by mules; but the greater reduction in cost is due to the 
practical condition of being able to get the muck away for the 
convenience and economic working of the miners in excavation, 
and allowing the placing of rock crushers and concrete mixers 
at a conveneint point outside of the tunnel for concrete work. 
Concreting is being done successfully and with perfect satisfac¬ 
tion, to the engineers at a distance of 10,000 feet in one instance. 
This use of these machines makes it possible not only to reduce 
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the cost where speed is not a consideration, bnt to very materially 
increase the speed, if desired. 

Small Isolated Power, Experience with distillate engines in 
connection with concrete mixers and other small power has led 
the men in the field to plead for electric power; for example, 
several steam shovels are in use in this section for conduit 



33,000-volt portable substation—^outdoor type transformers 


excavation, and it was thought at first that the expense of step¬ 
ping down the voltage; moving transformers, etc., for supplying 
two or three motors of to 10 h.p. each would not be justifiable 
but the division engineers now insist that the cost of main¬ 
taining and operating distillate engines under the conditions 
experienced along such work is in itself greater than the cost of 
supplying the electric power, including the charge made against 
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them for the energy, as well as the equipment, beyond 
formers; and they further state that the interrupti 
they have experienced in concrete work with distillate 
behind a single steam* shovel, as compared with what 
experienced in concrete Avork wdth electric powder 1 
electric shovel, has cost them anywhere from $20 to 
after the engines had been in use a few months and 
develop troubles under those conditions of operation; 
words, the saving is due to the consideration of reliabilit 


trans- 


engines 


have 
an 
a day 


‘gan to 


AT 

:y aside 



Electricynine locomotive; Elizabeth Lake tunnel 


from actual cost of supplying power to the mixers. The cost 
for tunnel work is considerably reduced and the speed, increased 
by electric lighting. The illustration herewith shows a type 
of home made cluster, which is giving excellent results at the 
headings. 

Protection Against Gases 

One of the long tunnels in another section runs through an oil 
district, and at times has developed considerable explosive gases. 
In order to protect the men against this danger, electric sparking 
devices have been installed, designed as shown in the illustra- 
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litJii, They may be operated either by alternating or direct 
etirreiit. They are o|)erated l)y direct current in this case by 
means of a switch outside of the tunnel, and as may be seen, are 
al>solutely positive in their action and cannot fail if properly 



f#ainp duster used in tunnels an<l 
desij^ned to reduce lamp breakage 
from bliisling, etc,, to ii minimum. 



Sparking device for exploding 
gas in tunnel 


trimmed when the miners leave the tunnel. They have ex¬ 
ploded gases several times, and in the form shown are usually 
fount! intact after the explosion; several of them being in use 
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Amount of Power Required 

A good idea of the amount of power necessary to operate the 
equipment may be obtained by studying the following tabulation, 
which gives the total rated motor capacity, approximately 
3470 h.p., of the various equipment attached to this system, and 
the total electrical horse power, approximately 2000 h.p., re¬ 
quired at the switch board of the two power plants combined 
for supplying this system independent of the cement plant. 
The energy necessary for lighting machine shops and other 
small requirements is not tabulated, but is included in the power 
at the switchboard. In many instances power is used 24 hours 
each day, but in other cases during 16 or 8 hours per day; on an 
average about 16 hours per day. The amount stated as being 
required at the switchboard is taken from the heavy load periods 
during the day; in other words, the average peak load for that 
work. The average load during the 24 hours would be about 
60 per cent of this. 

Motor Installation Intake to Pinto Hills 


2 suction dredges. 

1 dipper dredge, T^-yard dipper. 

4 electric shovels, |-yard dippers.. 

Tufa regrinding mill. 

Haiwee dam, hydraulic work.. . . . 

8 air compressors, 500 cu. ft. each. 

8 motor generators, 80 kw. each. 

7 rock crushers, 10 and 20 tons per hour each 
28 concrete mixers, 6 and 10 cu. ft. per batch. 
7 blowers, 1350 cu. ft. per minute each. 

3 hoists. 

2 pumps. 


400 h.p. 

100 

u 

300 

u 

200 

a 

100 

it 

800 

u 

1000 

u 

140 

a 

280 

u 

70 

u 

60 

a 

20 

u 


Total rated capacity of motors.3470 

The average power used at each end of the Elizabeth tunnel, 
already described, is 88 kw. during the 24 hours, divided, as 
follows: kw. for lighting outside the tunnel; 35^ kw. for oper¬ 

ating the motor-generator which supplies power for ventilation, 
electric locomotives, lighting the tunnel and a small amount of 
pumping from the tunnel; and 47 kw. for compressed air for 
drilling, machine shop, camp water supply, etc. The average 
peak is about double the average load. 


Telephone System 

The telephone system is considered not only one of the most 
profitable adjuncts to the aqueduct construction, but one which 
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is essential to its economic construction at reasonable speed. 
It consists of approximately 260 miles of main line from the 
Los Angeles offices to the intake, built of two No. 10 copper 
wires strung on redwood poles, at a cost of $188 per mile. This 
line is divided in three sections by two exchanges, which more 
than doubles its efficiency. In addition to this there are local 
telephone systems in each of the various divisions along the 
work; some of these have as high as 26 telephones. Each local 
system may be temporarily connected with the main line by a 
switch in the division engineer’s office, there being but one 
main line telephone on each division. As the telephone system 
is to be used by all classes of men, very few of them familiar 
with electrical work, it was though undesirable, if not wholly im¬ 
possible, to operate it successfully with the line on the power 
poles. Estimates showed that by making the poles on the trans¬ 
mission line five feet shorter, the telephone line could be placed 
on separate redwood poles at an equal or slightly less cost, and 
this has been done. The telephone lines are in every case placed 
underground at crossings with high-tension electric lines. 



A paper presented at the Chicago Section of 
the American Institute of Electrical Engineers, 
Chicago, III., March 23, 1910. 
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DIVERSITY FACTOR 


BY H. B. GEAR 


In the distribution of electricity for lighting, and power 
purposes over a large city, the maximum demand of the day 
upon the distributing system varies from day to day during the 
week, and from month to month during the year. The varying 
length of the day due to changing seasons, the habits of the 
population served, and the character of the district, whether 
residence, mercantile or manufacturing, combine to produce 
this situation. 

In residence districts, for instance, the use of light is such 
that the maximum demand comes at about 7:00 p.m. in winter 
and at 8:30 p.m. in mid-summer, as shown in the load curves in 
Fig. 1. In outlying business districts in the large cities and in 
the central business districts of the smaller cities, the maximum 
demand comes from 5:30 to 6:00 p.m. in winter, or at 8:30 p.m. 
in summer. It is usually heavier Saturday than other nights 
of the week. In the central business districts of cities like Chi¬ 
cago the maximum demand comes from 5:00 to 5:30 p.m. in 
winter, and at various other hours in summer. Here the Satur¬ 
day load is less than that of other days because of the early 
closing of offices and shops that day. This is also true of manu¬ 
facturing districts where the load is chiefly power. In a purely 
manufacturing district the maximum load occurs at about 10:00 
a.m., the afternoon load being from 15 to 20 per cent less than 
the maximum of the morning. The load curve in Fig. 2 is 
that of a power circuit which carries some lighting and so has a 
5:00 p.m. maximum. 

In the larger cities the conditions vary in all of these classes 
of service more or less with the character of the population. 
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The habits of the people in the foreign poptilated wards are dif¬ 
ferent from those bordering on the boulevards, and the require¬ 
ments of dwellers in apartments are different from those living 
in houses. In the outlying districts of Chicago, stores are closed 
Wednesday and Friday evenings, while in downtown districts 
very few stores are open evenings at all and the use of elec¬ 
tricity is limited largely to show window and display lighting. 
During the summer the loss of demand in residence districts is 
partially made up by the requirements of the pleasure parks 
The combined curve for these various classes of service is shown 
in Fig. 3. 



The combined effect of all these influences is to produce a 
smaller maximum demand at the generating station than else¬ 
where in the system. That is, the sum of the maximum de¬ 
mands of the transformers and distributing mains ns greater 
than that of the feeder. The sum of the feeder maxima is 
greater than that of the substation, and the sum of the sub¬ 
station maxima is greater than that of the generating station. 

The ratio of the sum of the maxima of the subdivisions of 
the distributing system to its actual maximum demand as ob¬ 
served at the point of supply is called the diversity factor. Thus, 
if the sum of the individual maximum loads on the ten feeders 








1910] GEAR: DIVERSITY FACTOR 377 

of a substation is 1200 kw. and the co-incident maximum of the 

feeders is 1000 kw., the diversity factor is or 1.20. 

iUuU 

The study of diversity factors is of great importance from a 
commercial point of view as well as being an interesting engi¬ 
neering problem. The investment required by the central sta¬ 
tion company in the various parts of its operating system for 
each kilowatt of maximum demand, determines the fixed charges 
which must be considered in determining costs and in making 
an equitable system of rates. 

'The existence of a diversity factor between the demands of a 



large number of consumers permits the central station company 
to supply their demands with a much smaller investment in 
generating capacity and at a lower cost of production than would 
be possible if these consumers were operating individual gen¬ 
erating plants. This difference must be sufficient to enable the 
central station to add the financial burden of a distributing 
syvStem and yet have a margin upon which to sell its product 
economically to its consumers. The effect of the diversity factor 
is therefore a subject of interest to both producer and consumer 
of electricity. 

The larger the system the greater the diversity factor and 
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our study will covor an alternating current system supplied by 
substations, feeders, mains, transformers, etc., as shown in 
Fig. 4. An alternating current system has been selected for 
analysis as it is somewhat easier to observe than a direct current 
low tension system, because of the presence of transformers 
whose loads may be measured. The loads on the distributing 
mains of a low tension feeder are not so easily measured, and 
observations therefore cannot be readily made. 

The consumer being the originator of the demand for electri¬ 
city, the development of the diversity factor logically proceeds 
in the reverse direction from the flow of energy. 



Observations made in residence districts supplied by overhead 
lines indicate that the sum of the maximum demands of in¬ 
dividual consumers is from two and one-half to three times the 
co-incident maximum demand on the transformer, the ratio 
being lower where there are less than ten consumers on a trans¬ 
former and higher where there are more than thirty. 

In commercial districts with numerous small stores supplied 
by overhead lines, as illustrated in Fig. 5, the co-incident demand 
is much higher in proportion to the consumer’s demands. 
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The ratio of the sum of consumers maxima to the co-incident 
demand in this class of lighting is found to be from 1.5 to 1.7, 
it being lower where there is considerable display lighting, 
show-windows, etc., and higher where the shops are of such a 
character that not all the lighting is needed continuously. 

In the block of commercial lighting shown in Fig. 5 there are 
fifty-five customers, twenty-six services and 1200 lights con¬ 
nected. The measured demand on the transformer at 7:00 p.m. 


MAINS 



SERVICE 

SECOND 


0 < -TRANSFORMER 


-PRIM. MAINS 


■FEEDERS 


■ SUB-STATJON 


-TRANSMISSION LINES 


■GENERATING STATION 


Fig. 4 


Saturday is 34 kw. while the sum of the readings of the demand 

55 

meters is 55 kw. The diversity factor is therefore ^ = 1.6. 

The sum of the demand meter readings is 55/60 of the connected 
load. 

In a densely populated residence block in Chicago the con¬ 
nected load is 2100 50-watt lamps or 105 kw. The consumers’ 
maximum demands aggregate about 63 kw. and the co-incident 
maximum, as measured at the transformer, is 18 kw. There are 





380 


[March 23 


GEAR: DIVERSITY FACTOR 

over 175 consumers connected to the transformer. In this case 

. . 63 

the diversity factor is — = 3.5, and the consumers’ demands 

lo 

are 63/105 of the connected load. 

This probably represents as dense a condition as would be 
found anywhere in a residence district. It is due in this case to 
the fact that the block supplied by this transformer consists 
entirely of three-story apartment buildings, in which about 
90 per cent of the tenants are using electric service. 

Powder consumers are not often grouped so that any consider¬ 
able number can be supplied from one transformer installation. 
They must be kept separate from lighting customers and there¬ 
fore usually require a separate set of transformers for each con- 



COTTAGE GROVE AVEi, 

^— :-j- 


Fig. 5 


sumer where the load is 2 h.p. or more. In large installations 
advantage is taken of the diversity between motors to reduce 
the transformer capacity installed. This cannot be done with 
small consumers except in the occasional situations where 
several power consumers are located within a radius of about 
500 feet. 

The diversity factor between meter and transformer on power 
customers is therefore very small and probably does not average 
over 1.1 for all power installations. 

Advancing toward the substation, the next point at which 
diversity may be conveniently observed, is at the feeder switch¬ 
board. There is a considerable diversity factor between the 
sums of the transformer maxima and the maximum feeder load. 
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The factor varies with the character of the territory served 
and with the density of the load. In scattered residence territory 
where there are many one, two and three-kw. transformers, 
and few larger than 15 kw., the ratio of maximum feeder load 
to total transformer capacity is from 45 to 50 per cent. In 
territory where transformer units vary from 5 to 30 kw,, or larger, 
the ratio is 55 to 60 per cent. In commercial districts with 
transformers from 5 to 50 kw., the ratio is from 75 to 85 per 
cent or higher. 

Assuming that each transformer carries its rated load at 
some time during the year, the diversity factor for a feeder in 
scattered territory is from 2 to 2.2. In denser territory the 
factor is 1.6 to 1.8 while in commercial districts it is 1.2 to 1.3. 

On circuits carrying a scattered power load in units of 5 
to 100 h.p., the ratio of maximum load to transformer capacity 
is from 45 to 50 per cent which makes a diversity factor of 2 to 
2.2. Where a few large power customers ranging from 100 to 
500 h.p. or more are on a separate feeder, the ratio is from 75 
to 85 per cent, making a diversity factor of 1.2 to 1.3. These 
ratios shift somewhat in a growing system, the tendency being 
to reduce the diversity factor as the territory becomes more 
densely built up. They are also modified somewhat by the 
losses on feeders and mains which may be as much as 15 to 
20 per cent. 

In the substation, there is a diversity factor due to the dif¬ 
ference in the character of the load carried by the different feed¬ 
ers. The maxima on the power feeders occur during the day¬ 
light hours while the maxima on lighting feeders vary from 
5:30 p.m. in commercial lighting to 7:00 p.m. in residence light¬ 
ing. 

With three-phase distribution, there is a diversity factor 
between phases where the lighting is carried single-phase. The 
net result is that in a substation with ten or more feeders the 
diversity factor averages about 1.15. In the substation supply¬ 
ing power feeders and general lighting it is likely to be as high 
as 1.2 while in a residence district with little power load, it is 

about 1.1. 

Having thus analyzed the diversity between the various 
elements of the distributing system it is of interest to derive the 
total diversity factor from substation to consumer for various 
classes of business. For convenient reference the following 
table of diversity factors will be useful. 
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Residence 

Com- 

merical 

light 

Scat¬ 

tered 

power 

Large 

users 

Substation to feeders. 

1.15 



1.15 

Feeders to transformers. 

1.8 



1.25 

Transformer to meters. 

3.0 

1.6 



Total diversity factor. 

6.20 

2.30 


1.44 


From this table it is apparent that the total diversity factor 
for residence lighting is 6.2, for commercial lighting 2.30, for 
scattered power 2.53 and for large users of light or power 1.44. 
The latter figure would apply to consumers requiring from 100 
to 500 kw. The combined diversity factor of systems giving all 
of these kinds of service should range from 2.5 to 3.5 depending 
upon the relative proportion of each kind served. 

These factors may be illustrated by a concrete example: 

Assume a residence district, well settled, in which the sum of 
consumer’s demands during the heaviest month of the year is 
100 kw. The transformer cajDacity required to carry the co¬ 


incident demands of these consumers will be - 


100 


3 


33.3 kw. 


The feeder capacity will required be 


33. S 

Ts 


18.5 kw. The {sub¬ 


station capacity required will be 


18.5 
1.15 


16.0 kw. 


Similarly, the capacity required for a commercial lighting 
district in which the vSum of the consumer’s demands is 100 kw. 
will be 43.5 kw., for scattered power it is 39.5 kw. and for large 
light or power consumers, it is 69.5 kw. 

This reduction in the amount of capacity required in generating 
and distributing equipment makes a corresponding reduction 
in fixed charges which form a large part of the cost of producing 
electricity. The investment cost is further reduced by the 
ability to use large generating units which cost less than half as 
much per kilowatt as the cost of generating machinery in the 
sizes commonly used for independent plants. 

The merging of all these demands has also a pronounced 
effect on operating costs, in that the load factor, of the generating 
station and distributing systems is very much higher than that of 
the consumers who take their supply from it. This permits the 
station to be run at an economical load a large part of the time, 
thus reducing both labor and fuel cost per unit generated. 
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The combination of these economies constitutes the central 
station’s justification for existence and it is hardly necessary to 
add that the justification is well nigh complete in these days of 
steam turbines and 20,000-kw. generating units. 

Thus far the point of view has been from the consumer toward 
the central station. It is important however that the situation 
be seen from the point of view of the central station toward the 
consumer, as the diversity factor has a very marked effect upon 
the investment accounts which must be carefully considered in 
determining the cost of rendering the different classes of service. 

Stated in the reverse manner for each 100 kw. of substation 
capacity used to supply residence lighting, the central station 
company must provide 620 kw. of meter capacity, 207 kw. of 
transformer capacity, and 115 kw. of feeder capacity. In serv¬ 
ing large light or power customers it must provide 144 kw. 
capacity in meters and transformers and 115 kw. in feeder 
capacity for each 100 kw. of substation capacity. 

The diversity factor for small and scattered consumers is 
higher than these figures and they require more equipment and 
a larger investment than is required for the consumers in thickly 

settled districts. 

The investment required per kilowatt varies considerably with 
the type of construction and the geographical situation of points 
of supply and delivery. It is considerably more for under¬ 
ground lines than for overhead, and no figures can therefore be 
given which will have great value for other systems than the 
one to which they apply. 

It may, however, be instructive to give some figures to show 
in a general way how the investment is distributed between 
various parts of the system under a set of assumed conditions, 

which are fairly representative. 

Assuming the average cost of a meter at SIO, line transformers 
at ‘$7 to $10 per kw., transformer substations and transmission 
lines at $35 per kw. and generating station capacity at $150 
per kw., the investment is divided approximately as shown in 

the following table. 

It is apparent from these figures that as far as that part of 
the cost of electricity supply which depends upon investment is 
concerned, small and scattered consumers are the most expensive 
to serve. This is due chiefly to the high investment in meters 
and distributing mains. For instance the cost of meters in 
residence lighting is about 21 per cent of $820 or $172 per kw. 
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of station demand. This means that if all the consumers were 
of this class that the company would have as much money in¬ 
vested in meters as in generating plant. 



Scattered 
power 
per cent 

Scattered 
residence 
per cent 

Dense 
residence 
per cent 

Com¬ 
mercial 
light 
per cent 

1 

i 

Large 

users 

per cent 

Generating capacity. 

37.0 

18.5 

30.0 

44.5 

60.0 

Trans, line and substation... . 

9.0 

4.5 

7.5 

10.5 

14.0 

Feeders and mains. 

49.5 

52.0 

26.0 

35.0 

23.0 

Transformers. 

4.0 

4.0 

2.5 

3.0 

3.0 

Meters.. 

0.5 

21.0 

34.0 

7.0 

negligible 

Total. 

100.0 

100.0 

100.0 

100.0 

lOO-.O 

Investment per kw. of annual 
maximum demand on gen¬ 
erating station. 

$410.00 

$820.00 

$500.00 

$350.00 

$250.00 


The commercial lighting and power business where the di¬ 
versity factor is smaller and the size of consumers larger, re¬ 
quires less meter investment and more in generating and sub¬ 
station capacity. 

The maintenance cost of a large meter and distributing 
equipment and the general expense items of meter reading, bill¬ 
ing, etc., are correspondingly high for small consumers, so that it 
is probable that the outlying parts of the distributing system are 
served at a loss during the earlier stages of development. 

The study of diversity factors has not been carried out in 
as much detail heretofore as is desirable. These deductions are 
presented as a tentative contribution to a subject which has 
many angles and must submit to revision as experience and more 
careful observation may demand. 

They should in no wise be considered as the last word on the 
subject as parts of them have been necessarily drawn from sources 
that could not be thoroughly verified. 

It is believed, however, that as a whole, they are sufficiently 
near the facts to form the basis of intelligent discussion. 
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ELECTRIC DRIVE IN TEXTILE MILLS 


BY ALBERT MILMOW 


It is the purpose of this paper to deal especially with the em¬ 
ployment of electric power, derived from hydroelectric systems 
of distribution, for the operation of textile mills. It is impossible 
in a paper of this kind to go very fully into detail, and. no attempt 
will be made to discuss the forms of drives, kind of motors or, 
in fact, any other technical details, since any one of the more 
important ones would require a vSpecial paper to do it justice. 

This paper aims to treat the subject from a broad, general 
viewpoint, with particular reference to its commercial avSpects, 
and especially in comparison with the old forms of steam drive. 

The general branches of the subject which will be taken up arc 
first cost, cost of ojoeration, production as affected by balancing 
and speed, and general remarks. 

First Cost 

The references which follow will be to new mills especially 
equipped for electric drive, insofar as first cost is considered, 
and not to mills already, equipped with steam power. The 
figures are based on a plant of 25,000 spindles on moderately 
fine work, which requires a power equipment of about 1000 h.p. 
The figures which follow are for everything included in a mill 
that is chargeable to the power plant: 

Electric Drive 

Group drive throughout, all 2300-volt motors, 

at 2300 volts. 

Transformer house and switchboard room. 

Belting.. .. 

Motor support.... ^ ^ ^ 


Power delivered 


$ 1 , 000.00 
1,300.00 
400.00 
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Shafting .. . • . $8,000.00 

Boilers..... ^.. 1,200.00 

Boiler setting........ .. 350,00 

Boiler room. 1,650.00 

Reservoir....... • • 1 >300.00 

Piping... 900.00 

Motors..... 10,560.00 

Transformers for low voltage motors, 2 to 5 kw. 126.00 

Transformers for lighting, 1 to 50 kw.. • ^ 383.00 

Switches for motors.. ... • .. 300.00 

Switchboard..... • • 1,500.00 

Wiring and installation, including lighting.......... 4,000.00 

Freight on electrical apparatus........- ....... 428.00 


Mechanical Drive 

Boiler room 
Engine room 
Chimney 

Engine, 24-rQpe wheel, compound--- 

Engine foundation........... 

Boilers....... 

Boiler setting... 

Smoke breeching... • 

Condenser, pumps and heaters................ 

Reservoir and crib..... 

Steam power piping...... 

Ropeway and extra sprinklers.... 

Shafting and structural steel work.... 

Rope..... ....... 

Belting, main drive and counters.. 

Lighting generator, belted, and switchboard- 

Marine engine generator, 10 kw., and switchboard 
Lighting wiring, 2-wire system... 



$33,897.00 


$16,000.00 

17,500.00 
2,000.00 
6,000.00 
1,800.00 
770.00 
2,520.00 
6,500.00 
6,OOP.OO 
2,000.00 
12,053.00 
600.00 
1,300.00 
1,000.00 
1,000.00 
2,000.00 


Total___$79,043.00 


Prom the table it will be seen that the total cost of the power 
plant for steam drive would he $79 per h.p., while the cost for a 
similar electric equipment is $33.90 per h.p., or a saving of $45.10 
per h.p. of plant capacity where the electric drive is used. 

It is to be noted that all costs' are induded in these estimates, 
though it is quite usual for advocates of steam drive to take fo J 
its first cost only the costs of engines, boilers, piping, etc., ne¬ 
glecting such important items as building chimneys, belt-ways, 
condenser reservoirs and other items which are essential to steam 
drive, but which are not required where a mill is electrically 
driven. This difference in. cost should enter, into the cost of 
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power, taking the interest and depreciation at 12 per cent, the 
lowest possible figure. However, it is obvious that if this same 
amount of money were expended in producing textile machinery 
the earnings would certainly exceed the 6 per cent included in 
this figure as an interest charge. 



WEDNESDAY THURSDAY 



G 7 8 9 10 11 12 1 S 3 4 5 6 6 7 8 9 10 11 12 1 2, 3 4 5 6 


FRIDAY SATURDAY 



Fig. 1 


Cost of Operation 

The cost of steam power in a textile mill is very difficult to 
determine. Fig. 1 shows a series of engine indications made for 
a period of one week, at ten minute intervals. It will be noted 
that a very wide variation of power is shown and only a very 
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thorough and detailed set of indications, as shown here, will give 
a fair average of the amount of power. 

It is customary with advocates of steam drive to make certain' 
large deductions in a purely arbitrary manner from the total 
cost, for the values of steam used in processes of manufacture 
other than for power, such as dye-house operation, heating and 
slashing, and then to divide the remainder by a factor obtained 
by taking one or more engine indications. 

It will be seen from Fig. 1 that it is obviously erroneous to 
take any value for the total horse power of a mill other than 
an average taken approximately as shown; even this, to obtain 
perfectly accurate results, should extend over a long period, 
embracing all the seasons of the year, as there are many variable 
quantities involved, such as the temperature of the mill, which 
varies with the seasons, the humidity of the air, and even the 
nature of the cotton staple. 

These factors cause an extreme variation of power during, 
say, a year’s period of as much as 20 per cent, and this variation 
is very noticeable in a day’s or a week’s run, as will be seen by 
the variations of power as shown in Fig. 1 on that part of the 
curve corresponding to Monday. 

On account of using the same boilers for power and for other 
purposes it is difficult to obtain accurate figures on the cost of 
dye-house, heating, and slasher operation in a steam-driven 
mill. Where boilers are used for making tests it is usual to use 
a large power boiler, which runs in an underloaded condition and 
hence inefficiently, and the steam is often carried in long systems 
of piping before it is utilized. In electrically driven mills it has 
been possible to segregate these costs. The cost of heating a 
10,000 spindle mill is, for the climate of the Piedmont region, 
about $250 per year, and as this size mill will use about 500 h.p., 
the cost of heating may be taken to be *50 cents per h.p. per year. 
This figure is for a boiler of just sufficient capacity for the work. 
Similarly, the cost of slashing is found to be $1.40 per h.p 
per year, or a total of $1.90 per h.p. per year for heating and 
slashing. Of course, this figure varies with the class of work, but 
it applies to work using an average of about No. 30 yarn. The 
figure commonly taken in estimating steam horse power cost is 
about $4.00 per h.p. per year, which is entirely too high. For 
these reasons it is very difficult to determine any accurate cost 
of the steam power on the horse power-year basis. 

In dealing with about seventy mills electrically driven, many 
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of which have been converted from steam to electric drive, it 
is found that no two present identical conditions, and even when 
a mill is changed to electric drive, the opportunity of improving 
speeds,etc., is usually taken advantage of, and the mill is generally 

reorganized to an extent that precludes the possibility of a direcd 
comparison. 

It has been found, however, that where the machinery in a 
converted mill has been kept intact and the speed kept constant, 
and where accurate records of engine indications prior to the 
change have been kept (which is rarely done) a saving in the 
power required is effected, though most mills when making this 
change take the opportunity afforded of impi'oving production 
in one or more ways and thus increase the m>wer required. Tlie 

‘rrnining 


)ductic 


)ii 

t(3 


mannei of operating a mill is also important in dote 
the amount of power required. Some mill men force pirc-v... 

to the highest point, while others are content to run at rnodxsra 
speeds and production. 

The varying cost of fuel, the quantity and varying temperature 
o condenser water, and the difficulty of obtaining accurate 

ata make it impossible to arrive at any accurate conclusion 

regarding an average cost of steam-generated power in textile 
mills. 

In electrically-driven mills the absolute horse pqwer-liours 
and the indicated power can be determined at any time, An 
opportunity is given to check wastes and correct tliem, and a 

consqerable amount of non-productive power is saved liy tlie 
elimination of useless shafting. 

Assuming the price of electricity to be $25 per h.p, per year 
or 11 hours per day, 306 days per year, and assuming a saving 
at equal production of 15 per cent in power, which I consider 
conservative, the cost at which steam power mu.st bo genemted 
to equal the price of electric power will be $21.25, From this 
must be deducted the fixed charges on the difference in first 
cost, which we may take at 12 per cent on S'lfi.lO, or $5.4-1 per 
h.p per year, leaving $15.84, plus |1.90 which will be required 
for the heating and slashing operations of the mill, or a total of 
$ . 1 as the figure at which steam power must be generated 

to be equal in cost to electric power at ,$25 per h.p.; and in tills 
figure there must be included the cost of all oil, waste, labor, 
fuel, ash remova , coal handling, superintendence and, mrxst 
important of all, the item of repairs, which is frequently omitte-i 
entirely m making estimates of steam power cost. If it were 
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possible to attain this figure with^ steam drive, a power only 
evry inferior to electric drive would have then been obtained. 

Production 

Hydroelectric power offers many advantages in operation, 
due to the readiness with which parts of a mill may be run 
so that the maximum possible output may be obtained. By 
reference to Fig. 1 it will be noted that a wide variation of power, 
is shown, due, among other things, to the fact that it is unneces¬ 
sary to run all of the departments all of the time. 

In a mill which has perfect balance, each piece of machinery 
used in each process will deliver to the next succeeding depart¬ 
ment just the right amount of material to keep both sets of 
machinery operating at full output all the time, and so on until 
the completed article of manufacture is produced. This is a 
condition difficult to realize, as in actual service it is found 
that market conditions in nearly every case make change of 
product necessary, and in a mill which can be designed for only 
a limited range of work, any variation from this affects all the 
preparatory departments by giving them more work for coarser 
product or less for finer product. 

In mills which are used exclusively for spinning, and which do 
no weaving, a part of the product is in the form’ of twisted yarns 
and part of it in single yarns; hence the twister department, 
which uses a great deal of power, is often called upon to its full 
extent and again is often entirely idle. 

In equipping a mill for electric drive it is usual and proper to 
provide one or more motors for each process of the work so that 
in case the demand on that department is increased, it is’possible 
to work over time on that particular department, where, on 
account of the inefficiency of the engine at light loads and often 
because of the very small part of its capacity that is required, it 
would be impossible to run with a steam drive; or if some de¬ 
partment, such as the twisters, is not needed at all, the motor 
provided for it can be shut down entirely, saving all expense of 
its operation without affecting the operation of any other de¬ 
partment or in any way affecting its speed. 

These points are actually taken advantage of and 'practiced 
to a very great -extent. In mills using automatic looms they are 
frequently left in operation at the noon hour,when they will run 
until some threads break, when the loom automatically stops 
itself andjremains stopped until the weaver returns. Many of 
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them continue in operation without interruption. In some cases 
looms are left in operation after shutting down time until the 
loom stops itself, which often does not occur until all the filling 
yarn is exhausted. These hours in the aggregate sum up a 
very respectable total in the course of the year. 

The textile industry in the south is at a growing stage and few 
if any mills are left complete as first installed, especially among 
the larger mills. It is. almost the usual thing to see a mill 
with one of its ends boarded up instead of closed with brick, 
thus proclaiming to the world the intention of its owners to extend 
it as soon as they can. In the days before electric power was 
available this necessitated a steam plant entirely too large for 
the first installation, so a plan was resorted to of installing one- 
half of an engine and operating this as a simple engine, with the 
ultimate intention of adding a cylinder for compounding when 
the mill should be increased. This arrangement necessitated the 
investment of a great deal of money in a steam plant to begin 
with, which to-day can be put into the manufacture of cotton 
goods,- and resulted in very high costs for power when using only 
a simple engine. These conditions have too often proved a handi¬ 
cap which has prevented the mill men from realizing their hopes 
as soon as they might have done. With electric drive the system 
is perfectly flexible. Only the investment for the work actually 
installed is demanded at the outset, and the full output and 
efficiency are secured from the beginning. 

An interesting application illustrating the flexibility of electric 
drive has recently been made and is being quite generally fol¬ 
lowed. In this case a mill was built with a capital of $100,000 
and with an equipment of 5000 spindles for the production of 
yarns. It was the intention to operate this mill day and night 
and the promotion of the mill was based on this idea. It was 
found, however,, that for the spinning frames, which require 
women and girls to operate them, sufficiently satisfactory labor 
could not be obtained to operate during the night run, so that 
the management found itself in a position of being able to offer 
to its stockholders a production based only on the actual money 
employed, or $100,000. Through their own initiative they then 
took advantage of the opportunity offered by electric drive and 
added to their equipment an amount of spinning machinery 
equal to-that already installed. This operated with the rest 
of the equipment during the day time, and all preparatory ma¬ 
chinery, for which only men are employed, is operated day and 
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night, thus giving material to the double number of spinning 
frames during the day. This resulted in a production equal to 
that of a mill of 10,000 spindles costing $200,000, while the total 
cost of the mill was only $120,000. The addition of the extra 
spinning machinery cost $20,000, and the original cost of the 
mill was $100,000. This arrangement has, simply by the proper 
use of electric power, saved the mill an additional burden of 
investment of $80,000, the interest and also the depreciation on 
which would more than eliminate the entire power bill. 

The old idea of building a mill amounted essentially to first 
building a steam plant and then building the mill to conform 
to it, as its shape and the arrangement of the machinery had to 
conform to the most convenient ways of running shafting. In 
an electrically driven mill the matter of power is secondary. 
The machinery is placed in the most convenient way for 
operation as a textile plant and the motors are installed 
afterwards. 

It has been found that in practically every mill that has been 
converted from mechanical, to electric drive, an increase in pro¬ 
duction has been obtained. This is almost always the case and 
it is not usually taken account of by investigators of power 
costs. Among the uninformed there is a quite general opinion 
that the converted mill takes to operate it electrically as much as or 
more power than it previously did with steam. On account of the 
increased production with the electric drive this is true in a 
great many cases; but in many other cases it is uncertain, as 
no accurate records of steam indications have been taken or 
kept. The explanation of this increase in power is simply that 
the production has been increased. At the time the motors 
are installed the speeds of the mill are readjusted and nearly 
always increased, the power is applied more directly to the work 
with less chance of slippage of belts and, above all, the speed 
with motor drive is much more constant. 

Figs. 2 to 51 show a series of curves taken with a delicate re¬ 
cording tachometer. The longitudinal lines each represent 
I per cent of instantaneous variation, and approximately one- 
half inch in length of the diagram shows an interval of time of 
one second. All of these charts shown were taken in actual ser¬ 
vice, excepting Fig. 6, which was taken to prove the accuracy 
of the instrument with the best known constant speed drive— 
a direct-current shunt motor supplied with current from storage 
batteries. 
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Fig. 2 shows a chart from a 3000-h.p. cross-compound engine, 
taken directly from the main driving shaft. 

Fig. 3 shows one from a 1000-h.p. cross-compound engine. 
Figs. 4 and 5 are charts taken directly from the shafts of an 
85-h.p. and a 125-h.p. motor, respectively. 

Fig. 6 is taken from a known constant speed. 

Figs. 7 and 8 are from water turbines in operation and under 
load. 

Figs. 9 to 15 inclusive show speeds of a shaft directly driven 
from one large engine through rope drives, with the exception of 
Figs. 10 and 15 in which the shafts were driven from a second 
belt. Fig. 10 is the record of a shaft driven by a belt from tlie 
shaft recorded in Fig. 9, and Fig. 15 a shaft belt-driven from that 
of Fig. 14. 

Figs. 16 to 20 show the same shafts driven by motors after 
the mill has been converted. Figs. 9 and 16, 10 and 17, 11 
and 18, 12 and 19, 14 and 20, 15 and 21 represent steam and 
electric drives, respectively. 

It will be seen from these records that a very material iiriprove- 
ment in initial speed and transmitted speed lias taken place. 
This mill was selected, among many others, as being representa¬ 
tive of a large well equipped mill, and the steam drive is miudi 
worse in many of the mills charted. 

Figs. 22 and 23 are of particular interest a.s sliowing tlie 
torsional spring in the shaft. This represents a line of sliafling 
about 300 feet long such as is commonly found in weava? rcjonis. 
Fig. 22 was taken at the driving end and Fig. 23 at the extreme 
other end, showing that where the original speed was (nxcellerit 
it was badly perturbed before reaching the end of the shaft. 

bigs. 24 to 32 show speeds in a steam driven weiive room. 
Fig. 27 is taken with the engine drive and the others are counter- 
belted to the shaft in Fig. 23 on one side, and to that in Fig. 32 
on the other. It will be noted that the original speed, whicli 
was good, has been increasingly perturbed by belting, so that 
the greatest variation in every case is shown on tlie last slia/ft. 
Figs. 33 to 41 show speed records of the same shafts driven by 
two large motors. It will be noted that a consideral)le general 
improvement has taken place. 

Figs. 42 to 44 show very badly perturbed speeds. These 
represent the three main line shafts on which the entire ma¬ 
chinery of a large mill depends. This speed variation is caused 
by bad belting and excessive end play in the shafts, causing 
crowning and slackening of the belts alternately. 











































1910] 

































































1910] 
































































404 


1 


IV: ELECTR 


I 















1910 ] 




































































































H/; ELECT. 




ly.* ELECTR 









































































































































































1910] 


MILMOW: ELECTRIC DRIVE 


419 


These curves show the insufficiency of counted speeds where 
instuntuneous vuriution is neg’lected. The hig'hest point of 
the curve shows the maximum at which the work will run and 
all below that represents a loss of production. As a matter of 
interest the curves, Figs. 45 to 51, are shown. These illustrate 
an extremely bad speed condition of which the. mill manager 
has been ignorant, and the mill has never been able to get out a 
good production. 

In the territory of the larger hydroelectric systems the total 
number of mills operated consume a large amount of power. 
Each mill comprised in the group uses a relatively small pro¬ 
portion of the power furnished by the system. It is therefore 
possible to throw off or on many motors, or, indeed, many of 
the entire mills without disturbing the speed of the system. This 
is not the case in a mechanically driven mill, where even a small 

part of the machinery represents a good percentage of the 
total load of the engine. 

In a converted mill, driven from a hydroelectric station, one of 
two results are always brought about. If the original production 
is maintained the amount of power necessary is reduced. This 
should not in all cases be regarded as of paramount importance, 
the most vital advantage being an increased product from the 
mill, which it has been shown can be obtained through electric 
drive. This has actually been obtained in nearly every case that 
has come under my observation. 

In mills only very roughly converted, where surplus power is 
taken, and where the old uneconomical arrangement is left intact 
so that the steam drive may be used when the electric power is 
temporarily shut off, all carefully kept records show that an in¬ 
crease of production of from 2 to 10 per cent is obtained. In 
new mills especially constructed for electric drive the higher of 
these figures should obtain. This increase is brought about by 
two things. First, proper balancing of the work, and next, the 
application of motive power directly to the work it is to drive, 
and the fact that this motive power has a constant speed value, 
both instantaneously and continuously. 

The importance of production may be shown in a broad, 
general way as follows: The value of a mill’s product per annum 
is about equal to its capital stock. The cost of manufacture, 
with many variations for the class of work, may be taken 
proportionately about as follows: 

Cotton, 60 per cent; power, 4 per cent; all other costs, 36 per 
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cent, th6 power cost, as a total is from o to 6 per cent of tlie 
total market value of the product. Thus, assuming the cost of 
a 5000 spindle mill as ®100,000, its product in a year will be 
worth, roughly, $100,000 and its power bills say $5,000. If the 
product of this mill could be increased 10 per cent the gross 
value of this increase of product would be $10,000 of which the 
only cost would be cotton and power and some labor. The most 
costly operations of labor are paid by the day and effect no in- 
crease. 

Allowing, however, for some increased labor cost we have as 
the total cost of this extra production: 

Cotton, 60 per cent; power, 4 per cent, and labor, 3 per cent, 
or a total of 67 per cent and a net profit of $3,300 per year, or 
two-thirds of the total cost of the power, thus nearly eliminating 
the power bill. On account of the steadiness of the speed of the 
electric drive the machinery will suffer less deterioration than 
if run at even lower speeds with the steam drive. 

It is very proper and very necessary to take all of these points 
into account as having a direct bearing on the cost of steam 
power. 

General Remarks 

Fig. 52 shows the increase in power furnished to textile mills 
in the Piedmont region of North Carolina and South Carolina 
by the Southern Power Company. It will be seen from this that 
the increase was very slight during the years 1904, 1905 and 1906. 
In 1907 the mill managements in the territory where these lines 
existed having had the experience of their neighbors over the 
years previously referred to, began to appreciate the advantages 
and economies of the hydroelectric drive. It will be noted 
from this curve that during the year of 1909 and especially the 
last six months this increase has been greater than at any other 
time. 

In hydroelectric systems of distribution to cotton mills it is 
found to be impracticable to place a sub-station for each con¬ 
sumer, especially to meet the conditions which we have in Pied¬ 
mont Carolina, where several mills of small or moderate size are 
installed in one town. This is on account of the large first cost 
of a substation reducing from 100,000 volts, and also on account 
of the difficulty of running the high-tension mains through cities 
and towns. On account of the high cost of transmitting low 
secondary voltage any distance, both as to initial investment 
and in power loss, it was found necessary to adopt 2200-yolt 
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motors in mills where the general practice had been to use 
motors of 550, 400 and even as low as 220 volts. 

At first considerable prejudice existed among the mill owners 
and the underwriters against the use of high voltage motors, but 
some years of experience have demonstrated their superiority 
in every way. The first cost is about equal to that of the lower 

H.P. 



voltage motors. Their efficiency is equal and the slip is also equal 
or somewhat less. With an equipment of 2200-volt motors 
power can be transmitted with an economical loss and reasonable 
first cost to a distance of approximately one and one-half miles 
from the central sub-station. 

In many of the older low voltage installations, for the sake of 
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economy, open wire is run in the mill. The cost of installing 
it in conduit would be excessive on account of its size. And 
also on account of the size of the wires, and the very extensive 
system of feeders, it is only a matter of time until open wiring 
becomes disarranged, due to its being swept to remove the lint 
and dirt which it accumulates. Another serious feature of this 
system is the frequent and necessary employment of fuses to 
protect smaller branches. 

Probably 90 per cent of the motors burned out in the mills 
under my charge have been burned out by the failure of one of the 
three fuses of the three-phase circuit, leaving the motor operating 
on a single phase, which eventually destroys it. On account of 
increases to the mill equipment, or bad initial calculations, the 
wiring loss in the mill often runs up to very high figures with the 
lower voltages. In one mill in my experience, with a 220-volt 
distribution about 500 feet long, the total wiring loss reaches 
15 per cent, and ‘this after the mill management had at a con¬ 
siderable cost added feeders from time to time as the mill has 
been enlarged. 

In mills using 2200-volt motors, the wiring is run in iron or 
steel conduit and consists of three-wire insulated cable 'with 
lead sheaths. The loss in this system is reduced to practically 
nothing, the cost is low, and complete protection is afforded 
by means of automatic oil switches. The size of the wires is 
very small, and the whole system takes up less space in a mill 
and is no more conspicuous than water and sprinkler pipes. On 

account of grounding the conduit, the liability to accident is 
practically eliminated. 

The manufacturers of standard motors now build 2200-volt 
motors in sizes of as low as 15 h.p., and where motors smaller 
than this are required, 2200 to 550-volt transformers are in¬ 
stalled on the mill wall close to the motors and the secondary 
wire is run directly to the motors from them. 
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Discussion on “ Electric Drive in Textile Mills ", Char¬ 
lotte, N. C., March 30, 1910. 

Mr. Milmow: In reference to the first cost of electric drives, 
we have taken the figure at $33 per horse power, which includes 
a great many things ordinarily not required in the electrical 
equipment of the mills. The $33 includes all the shafting and 
belting, fire protection, and reservoir, and other things of that 
kind. A new mill can be equipped, or an old mill converted, 
as a complete installation, as far as electric motors and wiring 
are concerned, for about $15 a horse power, maximum, and has 
been done as low as $12 per horse power. After several years 
of experience I can highly recommend the use of high voltage 
motors, and wish to say that w^e consider that the UvSe of 550-volt 
motors handicaps a mill at the start and handicaps its future 
development. It requires more power, and introduces entirely 
unnecessary losses in the transforming of power, but the 2,200- 
volt motors, of which w^e have had a large number in use, have 
done their work and carried out their service with practically no 
repairs and with general satisfaction to everybody. 

C. F. Scott: Aside from the particular points which are 
dwelt upon in this paper, I have been interested to note how many 
of the advantages which are brought out are those which are 
incidental. Although in this paper the cost of the power is the 
essential thing set forth, and although it is shown that the 
cost of electric power is less than that of steam power, yet the 
great advantage does not lie in the simple cost of the power, but 
in indirect elements; in the superiority of the motor, in its general 
convenience, flexibility, and adaptability, and in its constancy 
of speed. The power can be considered both from the quantity 
and quality standpoints and it is the quality standpoint which 
seems to me to be the strong one, and the important one, as is 
stated in this paper. 

An interesting point is brought out in regard to the location 
and arrangement of the mill—in a steam-driven mill the steam 
plant must first be designed and the lines of shafting laid out as 
may be convenient for the engine. The building and arrange¬ 
ment of machinery is secondary to engine, shafting and belting. 
On the other hand, in the electrically-driven mill, the design can 
be made, not from the standpoint of power, but from the stand¬ 
point of the operations. The power becomes secondary, and 
the whole arrangement of the inill can be made most economical 
and most serviceable and efficient, so as to better serve its I'eal 
purpose of economic production. The mill itself can be in¬ 
stalled in any convenient place without reference to waterfalls 
or convenient proximity of condensing water, and the motor 
can be put up on the ceiling where it will take no room. Further 
this paper shows an increase in production by the gain in speed 
constancy. These indirect things make for better and larger 
production through the higher efficiency which can be gotten 
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from the operation of the mill and the labor which is there em¬ 
ployed. 

In the study of a problem of this kind, we have a most ex¬ 
cellent illustration of the advantages attained by taking a 
broad view of the situation. We find here, as in many other 
cases, that the indirect advantages in the use of electricity, may 
be of far greater value than simply the saving in the cost of power. 

W. S. Lee: If you will refer to the chart on page 387, which 
represents a curve taken'by indicating an engine every ten min¬ 
utes for a period of one week, you will find a rather interesting 
condition of affairs. That is one of the best and most economical 
mills in the whole territory. You will note that on Monday 
morning the mill began with a very heavy load, something over 
2900 h.p., and that this load ran fairly steady during the fore¬ 
noon, but in the afternoon dropped off considerably. This 
same condition obtained on Tuesday. I call your special atten¬ 
tion to the last few hours on Wednesday. I ask you also to 
note the last hour on Thursday, and the last hour and a half on 
Friday. These curves present a graphic picture which shows 
that the mill is not being operated up to the proper efficiency. 
The production of the mill was decreased, due to the fact that 
each department was not kept up to the highest standard of 
efficiency, as it did not work its full number of hours per day. 
This shows the importance of keeping a power curve, which will 
show what the mill is doing. A manager can tell from his power 
curve whether the mill is being run properly. 

I do not know that I can explain this subject of speeds more 
thoroughly than is done by these curves. Speed means a great 
deal in output to cotton mills. Cotton mill machinery is built 
to operate automatically. If a thread or any part breaks it 
stops the machine automatically and it takes a certain time for 
the operator to get to this machine and get it started. Further¬ 
more, the momentary variations in speed cause certain pulsa¬ 
tions which, when magnified, produce a cadence throughout the 
mill. These pulsations very often break thread and stop the 
machine, which normally would not occur if the speed was more 
uniform. 

I want to call your attention especially to the charts on page 
418. These are from a mill with which we have a contract to 
furnish povrer; it is now operated by steam and has a speed 
variation of 16 per cent. If you will put an ordinary tachometer 
on the end of the shaft, and tdrke speed for one minute, it will 
show good speed, but this does not show the variation up and 
down as shown by this curve on a large scale. The variation 
from the average speed is eight per cent below and eight per 
cent above. 

Since the charts referred to on page 418 of Mr. Milmow’s 
paper were taken, showing variation of this mill while being 
driven by steam, the mill has been electrically equipped and is 
now operating by electric power. Chart No, 1 shows a 60-h.p. 
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motor in this same mill driving cards; chart No. 2 shows a 60- 
h.p. motor on spinning frames; chart No. 3 shows an 85-h.p.. 
motor on spinning frames. By observing these charts it will be 



No. 1 No. 2 No. 3 


noted that the extreme variation, is from 2 per cent to 3 per cent, 
and most of the time less. 

If you can use a power in the mill that will have only three 
per cent speed variation, you immediately move your average 
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Speed up six-and-a-half per cent higher than you had it before. 

^ If you move the speed up six-and-a-half per cent, we know 
more goods are made, and we know it takes more power to do it. 
The results of changing over a lot of these mills have been dif¬ 
ferent in almost all cases. In some cases we have increased 
the amount of power, in other cases we have decreased it. Where 
we have increased the power consumption we have increased the 
production. 

There is another matter to which I desire to call your atten¬ 
tion, and that is in connection with extensions of the mills. All 
mills in this part of the country are built with the idea of in¬ 
creasing or extending them. I do not believe there has been one 
mill built down in this part of the country that its president and 
manager did not contemplate increasing its capacity. Now, if 
that is the case, it is impossible to lay out an economical or 
efficient steam- plant that is susceptible to that variation. In 
the case of the electric drive, the mill manager can put in what 
he needs for his present purposes, and as the business increases 
and he extends the mill he can build on to it additional sections. 

A. W. Henshaw: I think the curve given on page 421 is 
particularly interesting, as showing the very rapid increase in 
the application of electric power to textile mills in this part of 
the country. 

The Census reports for the year 1900 show that the total power 
used in cotton mills in the United. States was approximately 
800,000 - horse power, which had increased, to approximately 
1,000,000 horse power in 1905. This is an increase of 28 per 
cent. Deducting from that figure the power used in the states 
. of North Carolina, South Carolina and Georgia, the amounts 
are 628,000 h.p. in 1900, and 700,000 h.p. in 1905, which is an 
increase of eleven per cent; whereas in North Carolina the power 
used in cotton mills had' increased sixty per cent in these five 
years, and in South Carolina and Georgia one hundred per cent, 
showing that the great increase in the cotton industry has been 
recently in these southern states, a very marked condition as 
compared with the other states of the Union. I am speaking 
particularly of the total power used in cotton mills, whether sup¬ 
plied electrically or otherwise. * 

It is interesting to see also what a large percentage of that 
power is used in this particular section of the country as compared 
with the power used in all lines of manufacture. In South 
Carolina there were 156,000 h.p. used in cotton mills in 1905 out 
of a total of 221,000 h.p.—that is, seventy per cent of the power 
used in manufacturing in South Carolina was applied in cotton 
mills. In North Carolina there were 93,000 h.p. used in cotton 
mills, out of a total of 219,000 h.p., which is 42 per cent. 

The amount which is applied by the use of electric motors 
has increased very rapidly, and is continuing to increase. The 
State of South Carolina has been far ahead of any of the other 
states in that respect. In 1905, approximately 19 per^ cent of 
the power used in cotton mills was applied by the electric drive, 
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aiid in North Carolina only about two per cent. That there has 
been a very rapid increase since then is shown by the curve to 
which I have referred. 

I believe that when we obtain the results of the census for 
1910 we shall see a great increase, and that this particular section 
of the country will be far ahead of any other in the large amount 
of power supplied through the electric drive in cotton mills. 

D. B. Rushmore: Mr. Milmow’s paper is of interest in con¬ 
nection with the statements recently made that this country 
is passing from the position of an agricultural nation to that of 
an industrial one. The use of electricity for manufacturing 
purposes is old, but its rapid extension into all such lines is one 
of the phenomena of the present time. 

In the paper under consideration we have an interesting com¬ 
parison of the steam plant in a particular mill, and electricity 
taken from a large system—a comparison which must be made in 
detail in many different individual cases. In general, it is much 
more economical for the generation and distribution of electric 
power to be concentrated in the one large system and for the 
manufacturing industry to buy such power, rather than to 
. generate it in a small plant of its own. 

Mr. Milmow has brought out a large number of interesting 
points illustrating the advantages of electric drive. Many of 
these are applicable to other forms of industry, and this will 
be one of. the valuable uses of his paper. 

L. T. Robinson: I would inquire if Mr. Milmow will take a 
moment to explain how the speed curves were taken; that is, 
what sort of an instrument was employed in taking them, and 
what the time scale on the curves is? I would also call atten¬ 
tion to the value, to all concerned in. the industiial application of 
motors, of just such curves as those, shown on page 387. Perhaps 
he will carry his investigations further and. obtain curves on 
individual m.achines. The opportunity is always there to use 
curve drawing instruments on individual motors to check oper¬ 
ating conditions and to know if the motors are being run to their 
full capacity at all times. 


Mr. Milmow: We obtained these curves by means of a 
tachometer specially constructed by Messrs. Schaeffer & Buden- 
berg, applied to the shaft under test by means of a belt. We 
checked up all thcvSe measurements very closely, and one of our 
curves. Pig. 6, has been inserted there to show the accuracy of 
the insti'ument. ^ We have checked the instrument a number of 
times to determine its accuracy. The instrument itself is rather 
expensive and cumbersome, and I do not think it would be 
feasible to apply it in general to industrial applications. 

Mr. Robinson: What is the time scale? 

Mr. Milmow: That is given in the paper, and is approximately 
one-half inch in length of the chart, equals one second. You can 
see that the wave variations are decidedly instantaneous ones. 
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GAS ENGINES IN CITY RAILWAY AND LIGHTING 

SERVICE 


BY E. D. LATTA, JR. 


It is not the object of this paper to present the subject of 
internal combustion engines from a scientific point of view, or 
to report on results obtained from tests made under the most 
favorable conditions with apparatus and facilities only to be 
found in an experimental laboratory, but to consider the sub¬ 
ject under the following heads: 

First, to give a description of the apparatus and equipment 
in a small but thoroughly appointed central station, viz: that of 
the Charlotte Electric Railway Company, using gas engines for 
prime movers, and supplying current for street railway purposes, 
electric lighting, and motors in small units. 

Second, to give from the daily operating reports, some figures 
from which can be formed an idea of the reliability, efficiency, 
and adaptability of the plant under conditions which are relatively 
as severe as can well be imposed upon any plant, whether large 
or small. The extremely variable nature of a railway load and 
its rapid fluctuations caused by a system of few cars with com¬ 
paratively large individual requirements, is so directly antag¬ 
onistic to the fine degree of regulation and the continuity of 
operation demanded by good lighting service, that the handling 
of such conditions in a creditable manner should receive due con¬ 
sideration as a factor of no small importance. 

Third, to give some data on the subject of producer gas man¬ 
ufacture, which to the engineer versed in the principles of fuel 
combustion may seem obvious and even crude, but which to 
operators and those investigating the operation of producer 
gas plants may be of value, in that it can be acquired only by 
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experience and by tedious reference to the works of many authors 
on the subject of fuel combustion. 

Lastly, to offer a few, remarks on the adaptability and advis¬ 
ability of gas engines for certain kinds of work. 

The period covered by this paper, viz., twelve months, dates 
from the first of January, 1909, when the plant had been in 
operation for about six months, and could be considered as being 
fairly well under way. Much has been learned during the year 
just passed, and each day gives new experience for the operators 
Therefore, while we feel satisfied and even gratified with the 
record to date, still we feel ix is reasonable to expect an improve¬ 
ment over results of the present year, brought about by eliinina- 
ting some of the petty troubles which experience has taught how 
to overcome, and thereby attaining a more uniform efficiency 
of operation. 

Description of the Plant 

The engine room equipment consists of two SlO-b.h.p. hori¬ 
zontal twin-tandem, double-acting four-stroke cycle gas engines 
and one 60-h.p. single tandem exciter engine, in general similar 
to the large engines. The 540-kw., three-phase, GO-cycle, 
2300-volt alternators, are direct and rigidly connected to the 
crank shafts of the main engines, and a 40-kw. direct-current 
generator is direct connected to the exciter engine. In addition 
to this apparatus there is an induction motor-driven exciter 
set of the same capacity as the engine exciter, a 300-kw. and a 

500-kw. rotary converter, and the usual switchboard equip¬ 
ment. 

The producer apparatus is contained in a building about one 
hundred feet from the power house, and consists of two 1000-h.p. 
units of twin generator down-draught producers, having a con¬ 
tinuous overload capacity of 50 per cent. Each unit consists of two 
9~ft. generators, 16 ft. high, having a fuel space 7 ft. in diameter 
by 8 ft. high above the grate bars, which are of arched fire-clay 
tile. The generators are connected at the bottom by openings, 
lined with fire brick, containing water-cooled gate valves, to an 
economizer or vertical boiler of 100 h.p. rating. From the too 
of the boilers a 16-in. pipe leads to the bottom of the wet scrub¬ 
ber and from the top of the wet scrubber to the exhauster or 
through a by-pass around the exhauster to the dry scrubber. 

A 60,000-cu. ft. holder receives the gas from the producers and 
delivers it to the engines. (See cut of producer on page m) 

To describe the engine more in detail, the cylinders are 24-in. 
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bore by 36-in. stroke; the fiy-wheels are 16 ft. in diameter and 
weigh 34,000 lb. The entire engine occupies a floor space of 
18 ft. by 44 ft. and together with the alternator weighs 500,000 lb. 
All parts of the engine that come in contact with the hot 
gases are water-jacketed, including cylinders, pistons, piston 
rods, mixing chamber, valves and valve seats, and the exhaust 
pipe down to the floor level. The jacket water from the various 
parts of the engine empties from separate pipes into open funnels, 
which enables the operator to determine at all times the tem¬ 
perature of the different parts of the engine. 

The ignition is low tension make-and-break, with two igniters 
to each end of each cylinder. The ignition current is supplied 
by one of three batteries of five cells each, and requires about 
10 volts. This current passes through a separate kicking coil 
to each igniter, and a pivoted armature at the end of each coil 
indicates when the igniter is working properly. 

The valves are the poppet type and are actuated by bell- 
cranks which are lifted by cams on the cam-shafts which are 
geared to the crank shaft and run at half speed. While there 
are some mechanical objections to the use of cams on account 
of difficulty of lubrication, still they are supposed to have a 
decided advantage over eccentrics, which impart a harmonic 
motion to the valve. By the use of cams with properly designed 
contours, quick opening and quick closing of the valves is ob¬ 
tained, and there is a relatively long period during which the 
valve is wide open. 

Intake and exhaust valves are located on top and bottom, 
respectively, of a compartment bolted to the side of the cylinder 
which acts as a mixing chamber at one time, and explosion 
chamber at another part of the cycle. 

The governors are of the Jahns type, in which the centrifugal 
force of the weights revolving in a horizontal plane is resisted 
by the direct pressure of coiled springs, the weights turning on 
rollers in a constant oil bath which practically eliminates friction. 
The governor is driven by a belt from the cam-shaft, and carries 
no load other than that required to revolve itself. The cut-off 
valve shaft is driven by bevel gears from the cam-shaft through 
a hunting gear, which is raised or lowered by the governor, and 
thus advances or retards the motion of the cut-off shaft with 
regard to the cam-shaft. The cut-off shaft by means of cams 
serves all cut-off valves. A cut-off latch hook, engaging the cam 
of the cut-off shaft, releases the cut-off valve by means of a float- 
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ing lever connected to the inlet valve and latch which lifts the 
cut-off valve stem until the latch is disengaged. A dashpot 
on this valve stem permits the valve to close without jar. 

The governing is done with a uniform mixture, the amount 
of which admitted to each cylinder is controlled by the gov¬ 
ernor through the agency of the cut-off valve gear. Each 
cylinder has its own separate mixing chamber and mixing valve 
which regulates the proportion of gas and air, and a disturbance 
such as a back-fire does not foul the gas going to other cylinders, 
this feature is a great advantage when close regulation is desired. 

A plunger in the face of the fly-wheel works in and out radially 
against a coiled spring. In case of excessive speed of the fly¬ 
wheel, centrifugal force drives the plunger out beyond its normal 
position and opens a switch in the igniter circuit,- thus shutting 
down the engine and preventing racing in case of the governor 
belt breaking or the governor otherwise losing control of the 
engine. This device is tested at regular intervals by depressing 
the governor, and is found invariably to operate within five or 
six revolutions above normal speed. 

The problem of piston packing which for many years was one 
of the greatest difficulties in the way of building double acting 
engines has been solved in a fairly satisfactory manner by the 
use of metallic packing contained in packing cases. The packing 
cases each contain five rings of special cast iron made in segments, 
with overlapping joints, the segments being held in place against 
the piston rod by a 3/16-in. garter spring drawn around the 
circumference. The packing case is bolted to the cylinder head 
.by means of a flange, between which and the cylinder head is a 
ground joint. About once in three months each packing case is re¬ 
moved and supplied with clean packing. The packing removed 
is then thoroughly cleaned when convenient and put aside for use 
at another time. If a high grade cylinder oil is used and the 
packing is regularly cleaned, the troubles from this source are 
practically eliminated. 

The pistons are about 24 in. long and each has six slots in 
which are cast iron piston rings. The clearance between rings 
and slots is 12/1000 in. This clearance should be very carefully 
determined for different engines, as it depends principally upon 
the kind of gas used, and the nature of the lubricating oil. If 
the clearance is too small and the gas is not clean or the oil is 
inferior, the rings will become carbonized and stick in the slots. 
On the other hand, if the clearance is too great, a hammering 
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action will take place between the rings and slots, and both 
will become badly battered in a short time. The joints in the 
rings are staggered and all joints are made at the bottom of the 
piston. The clearance between the bottom of the piston and 
the cylinder wall is very small, 11/1000 in. so as to reduce to 
a minimum the slippage past the piston. 

Three cross-heads, one between the cylinders and one at the 
outer end of each cylinder, carry all the weight of piston and piston 
rod, relieving the cylinder vralls and maintaining the piston rod 
in alignment. 

The lubrication of the main bearings is accomplished by a 
flushing system of oil operated by turbine pumps, attached to 
the engine, which carry the oil from the engine through a filter 
to an elevated tank whence it returns by gravity. 

The cylinders are lubricated by multiple pumps positively 
driven from the cam-shaft, the plungers of these pumps being so 
timed as to inject oil on the piston at the end of each power 
stroke. * 

Two air tanks each 5 ft. in diameter and 10 ft. long, located 
in the basement of the engine room, are kept charged with air 
at 150 lb. pressure for starting the engines. This air is delivered 
to the engine by two distributing valves driven by the cam-shafts, 
and so timed that air is admitted to each cylinder at the beginning 
of its power stroke. The compressed air is supplied by two 
compound steam pumps controlled by autonlatic governors, 
the pumps being located in the producer house. 

During the summer months about 15 gallons of water, at an 
initial temperature of 80 degrees fahr., is required per horse 
power-hour for cooling, the temperature of discharge being about 
120 degrees. During the winter months 10 gallons of water per 
horse power-hour at 6P degrees is sufficient, and it is discharged 
at about 100 degrees; The •difference in the amount of water 
required in summer and winter is apparently due to the fact that 
the heat lost by radiation is much greater in winter. Even in 
the coldest weather that has been experienced since the plant 
has been in operation no other heat has been required for heating 
the building, and the temperature has not been found uncom¬ 
fortable at any time. 

The jacket water after being discharged from the engine flows 
by gravity to a hot well (see Fig, 1) of the cooling system, from 
which it is drawn by an electrically driven centrifugal pump 
of 50,000 gallons per hour capacity, against 15 lb, pressure ,^and 
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forced through sprays into a basin in the middle of which is a 
cold well. From the cold well it is taken b}' a two-stage turbine 
pump of 15,000 gallons per hour capacity against 30 lb. pressure, 
and returned to the engine. These pumps are driven by the 



same motor. As the capacity of the single-stage or hot-well 
pump is three times as great as that of the cold-well pump it 
follows that an excess of water is sprayed into the basin over 
that taken out of the cold well; this excess water overflows and 
returns to the hot well whence it is again pumped through the 
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sprays. In this way all the water passes through the sprays 
three times to each time it is used in the engine and ample cooling 
is obtained, the water in the cold well is reduced to a temper- 
ature* slightly below that of the atmosphere. The loss in water 
by evaporation to attain this degree of cooling is about 10 per 
cent, although in windy weather there is a slight additional loss 
occasioned by the blowing away of the spray. 

Unlike a steam engine cutting off at 20 per cent to 25 per cent 
of its stroke for most efficient operation, permitting the steam 
to expand during the remainder of the stroke, a gas engine’s 
most economical point of operation is attained when a full 
charge of the gas and air mixture is admitted to the cylinders. 
This condition is due to the following causes: 

First, the combustion of gas is so rapid, that almost complete 
combustion takes place before the piston has moved but a little 
distance away from the end of the cylinder. The initial ex¬ 
pansion therefore takes place at practically constant volume, the 
excessively hjgh temperature of the gas burning in a restricted 
area causes an extremely rapid transfer of heat in the early 
part of the stroke, and consequently a loss of expansive ability. 

Second, it has been found by experiment that inflammable 
gases ignited in the presence of oxygen, at: constant volume, 
reach almost instantly a maximum temperature and conse¬ 
quently maximum pressure, and fall within a small fraction of a 
second (about 1/10 second) to a point, far below the maximum, 
after which the pressure remains constant provided there is no 
transfer of heat. As one-quarter second is required for the full 
travel of the piston in one of these engines, it is clear that this 
rapid decline in pressure takes place before the piston has reached 
the middle point of its stroke. Both of these conditions largely 
reduce the expansive work of the gas. 

Third, the percentage of inflammable gas contained in a charge 
of the mixture is small (about 12 per cent), the balance of the 
charge consisting principally of nitrogen and a small amount of 
carbonic acid gas, both of which are inert and absorb heat from 
the combustible constituents. It therefore requires a relatively 
large intake, of the mixture to contain a sufficient amount of 
active gas to produce a given amount of power. . 

Under the foregoing conditions it follows that if a gas engine 
were rated at its most economical load, it would have no over¬ 
load capacity whatever, but to obviate this condition it is custo¬ 
mary to arbitrarily rate a gas engine at 87 per cent of its ultimate 
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continuotis capacity, which rating permits of an overload of 
15 per cent. In the case of these engines, which are rated at 
810 b.h.p. we have frequently carried a load of 700 kw. which is 
equal to 1010 b.h.p., or nearly 25 per cent overload, for a consider¬ 
able length of time, and a momentary load of 800 kw. or 42 per 
cent over load without reducing the speed to a point that caused 
any trouble. While it would appear from these figures that the 
engines are somewhat under rated, for continuous operating 
the 15 per cent overload is as much as should be put upon them. 
The load of 700 kw., although it does not reduce the speed mater¬ 
ially, gradually heats up the engine, with the result that after 
a few hours operation preignitions occur; also the high pressures 
in the cylinders strain the packing and cause gas to blow through. 

There are three classes of disturbances that take place in- 



Indicator Card No. 1—Preigiiition 


frequently in these engines, as is the case with all gas engines, 
viz: preignition, back-fires, and muffler explowsions. The first 
of these is caused by the use of gas over rich in hydrogen, which 
ignites very readily under high compression without other appli¬ 
cation of heat; also by particles of carbon or other solid matter 
which become lodged in the cylinder and become incandescent 


under the tem.perature of compression, or when any of the water- 
cooled parts of the engine are insufficiently cooled by using too 
little water, or water at too high temperature. Preignition means 
that the gas becomes ignited during the compression stroke and 
the burning gas instead of being relieved by the forward motion of 
the piston as is the case in a power stroke, continues to be com¬ 


pressed until the piston reaches the end of its travel, with the 
result that back pressure of an extremely high degree is developed 
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which tBomentarily tends to reduce the sjieed of the engine. 
Indicator card No. 1, taken at time of preignition, is shown 
herewith. 

A back-fire cccurs when the gas admitted to the cylinder is 
ignited on the suction stroke, but can also be caused by a leaky 
inlet valvi*, in which ease the gas in tlie inlet pifx^ is ignited during 
the explosion stroke. Ordinarily a back-tire is caused when 
gas of a toil kt» 4 n nature is used, so that the gas burns very slowly 
ainl continues Inirn in the exhaust stroke. A part of the gas 
still Imrning in the clearance space ignites the incoming charge* 
Alsii if ilit^re are any pockets or small passages, such as the water- 
ciioletl pipe lt*aiHng to the indicator cock, the gas in the passage 
or piH'ket is cooled to a })oint where it does not ignite readily. 
It becomes heated and ignites in the latter part of the pressure 
stroke, and continues to bum until the succeeding intake stroke 
wfien the incoming charge is ignit(*d. The re.sult of a back-fire 
is only the loss of the next power stroke, and usually a misdire 



nt the second succeeding power stroke caused l)y the burning gas 
l)h>wing back into the intake pipe and fouling the gas contained 
in it. Back-fires were at first very common with these engines 
and were caused by a short sectitm of water-cooled pipe leading 
to the indicator cocks, these pipes were removed, and a difTerent 
tyjie of indicator cock supplied. In the new type, the valve of 
the indicator cock seats directly against the outside of the cylinder 
wall and there is, therefore, no pocket to retain the gas, and 
back-fires very seldom occur. Indicator card No. 2 shows the 

result of a back-fire. . ^ ^ 

The disturbance caused by preignitions and buck-fires is only 
momentary, and even when the engines are operating in parallel 

very little effect can be noticed. 

A muffler explosion is caused after a mis-lire, when an un- 
bumed charge of gas and air passes into the exhaust pipe and is 
ignited by the exhaust from the power stroke of another cylinder. 
It has no effect upon the operation of the engine, but makes a 
noiTO simitar to that of a preignition or back-fire. 
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Mis-fires seldom occur except following a back-fire as ex- 
plaine'd above. The double system of ignition practically 
obviates the possibility of this trouble. 

Indicator card No. 3. is a typical gas engine card. It was 
taken, as were Nos. 1 and 2, with a 150-lb. spring. The com¬ 
pression is 135 lb. and the explosion pressure 267 1/2 lb. The 
mean effective pressure, as taken with a planimeter, is 53.625 lb. 
per sq. in., which would develop 311 h.p. per stroke in this 
one cylinder. As there are tw'o cylinders acting during each 
stroke, the total indicated horse power of the engine at the 
moment the card was taken should have been 622 i.h.p. The 
load observed on the wattmeter at this moment, however, was 
rising, and was something over 600 kw. 

Card No. 4 is taken at light load with a 16-lb. spring; one com¬ 



plete cycle and part of another is shown on the card as follows: 
a to 6 last half of compression stroke, 5 to c combustion or power 
stroke, c to d exhaust stroke, dXo a to c suction stroke, ^ to a to 
b compression stroke. At b the pencil was lifted. At a on the 
suction stroke the cut-off valve at the inlet closes, and the vacuum 
increases to a point below the range of the indicator, also at 
b the pressure reaches the other extreme limit of the indicator 
where it remains until expansion reduces the pressure to a point 
within the range of the light spring. A card taken with a light 
spring, as in this case, is of value in that it shows more distinctly 
than cards taken with a heavier spring the opening of the ex¬ 
haust valve, and any wear of the cam operating the exhaust 
valve would be clearly shown by the toe of the card. 

Improper action of a gas engine is not shown nearly as clearly 
by the indicator card as it is in the case of a steam engine. For 


1910 ] 


LATTA: GAS ENGINES 


439 


instance, the exhaust valve of a gas engine might be leaking 
and the only indication of the trouble would be low compression, 
yet the low compression might be caused also by badly worn 
piston rings or by packing in bad condition. The principal 
value of the indicator card is in adjusting the proportion of air 
and gas to give the most effective mixture, and for properly 
timing the ignition. 

To adjust the mixture it is desirable to put a steady load upon 
the engine, preferably that produced by a water box, and then 
indicate the engine and adjust the mixing valve until the card 
shows the maximum explosion pressure for a given compression, 
which is the condition existing when sufficient air for complete 
combustion is admitted with the gas, without excess. When 



once adjusted for gas of a certain quality it is not necessary to 

change the mixing valve again. 

The indicator is most frequently used for timing the ignition, 
which can be done with precision in no other way. This be¬ 
comes nacessaty at regular intervals on account of wear, both 
mechanical and electrolytic; of the igniter contacts. From time 
to time the igniters have to be taken out, cleaned, and the con-’ 
tact points smoothed up, and in replacing the igniter after this 
overhauling, cards are taken from this cylinder, and the tappet 
rods which control the make-and-break movement are adjusted 
so that the card shows proper ignition. 

The diagram herewith. Fig. 2, shows the various events of 
valves and ignition during one cycle, or two revolutions of the 
fly-wheel. It will be noted that the valves open a number of 
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degrees before the dead center, and close 10 degrees after passing 
the dead center, while the periods of suction, compression, com¬ 
bustion and exhaust begin and end exactly at the centers. The 
reason for this apparent discrepancy is that the movement of 
valves is so very rapid, that a certain time element is required 
to 'accommodate the slower movement of the gas. The points 
indicated as valve openings and valve closings on the diagram, 
represent the points at which the valves begin to open and are 
completely closed. As the opening and closing of the valves 
require an appreciable length of time, the actual period during 


'>■ 



which the valves are wide open more nearly coincides with the 
period of travel of the piston. It will be understood that the 
cut-off valve is released independently of the inlet valve closing, 
and may occur at any point of the suction stroke, depending 
upon the load. 

While the ignition is shown to take place at, a point 20 degrees 
ahead of the end of the compression stroke, this location of the 
ignition is only approximately correct, for, as explained above, 
the position is located in practice by means of the indicator, 
and it may vary slightly with the quality of the gas and propor- 
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tion of mixture. The ignition is timed to occur 20 degrees be¬ 
fore reaching the end of the stroke, so that sufficient time will be 
given for the flame propagation before beginning the power 
stroke. The ignition of these engines takes place in a combustion 
chamber just off the end of the cylinder. When the gas in the 
combustion chamber becomes thoroughly ignited, it bursts out 
into the clearance space of the cylinder, practically at the time 
the piston is at the end of its travel, the molecules of gas are 
compressed to the highest degree, and the flame from the com¬ 
bustion chamber ignites it almost instantly. The flame propa¬ 
gation about the igniters is in spherical form, the surface of the 
sphere increasing as the square of the time elapsing after ignition. 
In the combustion chamber, therefore, the time required for 
the entire volume to become ignited is appreciable. The gas 
in the cylinder, however, is ignited by the flame from the com¬ 
bustion chamber and from the indicator cards it seems to be 
practically instantaneous. 

To develop full power on the engine it is necessary that cylinders 
and pistons should be perfectly tight, for not only is power lost 
by leakage past the piston and through leaky valves on the 
power stroke, but poor compression of the gases will mean slow 
ignition and a considerable loss in initial pressure. In order that 
ignition should be rapid, the molecules of gas must be closely 
pressed together so that the initial pressure will be high, and if 
timed so as to reach'the maximum point just as the piston starts 
to move forward, the full power of the gas will be developed. 

Plant Performance 

Under this head, considering the class of service, we regard 
reliability as being of paramount importance, and we believe the 
record, taken from the engineer's daily log, of shut-downs caused 
by gas and engine troubles only, will be considered extremely 
creditable when allowance is made for the severe conditions of 
operation, and the fact that the plant was only in its first full 
year of existence. Electrical troubles have been decidedly more 
annoying than engine troubles, but such of these as have no bear¬ 
ing whatever upon the engine or gas operation will not be men¬ 
tioned inasmuch as they are irrelevant. 

From the daily reports we find, as follows : 

Jan. 1—Exciter spark plug out of ordej*... ..... 5 min. 

Jan. 31—Exciter trouble. ... ...... 6 min. 

Peb, No trouble. 

Mar. No trouble. 
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Apiil 12—Plant shut down caused by suction of engine drawing water from the 

gasometer over into gas main, causing water trap and shutting off gas supply. . 45 min. 

April 27—Same trouble.30 min. 

At the first occurrence it. was not known exactly what the source of this water 
was, and it was attributed to condensation from the gas, but after the second 
occurrence the trouble was located, and corrected by raising the inner walls 
of the gasometer, and making the lift necessary to draw the water over the top 
greater than the suction from the engine could accompl sh. 

May—No trouble. 

June 18—Shut down at one o’clock a.m. caused by belt on oil pump breaking; the 
other engine was undergoing some slight repairs and was not in condition to 


start.*..15 min. 

July 23—Shut down on account of igniter wii'e from battery to engine becoming 
grounded in conduit. This trouble, although located promptly, could not be re¬ 
paired without great delay, therefore wire had to be run across engine room 
floor and old ware cut out.45 min. 

July 30—Shut down caused by operation of safety stop on engine, opening igniter 

circuit.12 min. 


Aug.—No trouble. 

Sept.—No trouble. 

Oct.—No trouble. 

Nov.—Shut down caused by unusual overload occurring when only one engine was 


in operation. 8 min. 

Dec.—No trouble. 

Total interruption of service due to gas and engine troubles.2 hr. 45 min. 


In considering these figures it should be borne in mind that 
the plant operates 24 hours per day and every day in the year. 

Other troubles have occurred while both engines were opera¬ 
ting, making it necessary to carry the entire load, or the principal 
part of it, on one engine, but while these occasions caused annoy¬ 
ance, they were handled without serious inconvenience to service. 

Second in importance to reliability we regard character of opera¬ 
tion, viz: speed regulation, and ability to operate successfully 
in parallel, the former being a function of the engine only, while 
the latter involves both engine and alternator. 

The manufacturers guarantee as to speed is, that from 25 per 
cent to full load, the engine will govern within a maximum 
variation of 2 per cent. This condition is met as regards the 
mean speed on steady loads. When, however, a heavy load is 
suddenly thrown on the engine, or removed from it, a momentary 
swing of not exceeding 2 per cent below or above mean speed 
for the given load occurs, which is due to overreaching of the 
governor. While this swing in speed is not excessive, and is 
found to an equal or even greater extent in high-class reciproca¬ 
ting steam engines, it is rather remarkable that it is not far worse 
than the above figure in a four-cycle gas engine; for at the 
moment the load on the engine is changing, the governor has 
no control whatever upon the charge of gas next to be ignited, 
since the amount of this charge was regulated in the suction stroke 
which preceded the compression stroke. For example, assume 
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that the engine is operating at three-quarter load, and the 
governor by means of the cut-off valves is regulating the amount 
of gas per charge accordingly; just as one crank reaches dead 
center and ignition has taken place prior to a power stroke, an 
additional load is thrown on the engine, making a total load equal 
to the full capacity of the engine; the cylinder for the next power 
stroke just ignited is charged with gas for three-quarter load, 
the cylinder on the other side of the engine is midway of the com¬ 
pression stroke, and is therefore beyond the influence of the 
governor, and the cylinder on the same side of the engine as the 
one just ignited is just completing its suction stroke and has been 
cut off at 75 per cent of the stroke, rendering it, also, out of reach 
of the governor. We have therefore three impulses of power 
strokes of three-quarter value before a full load charge of gas 
can be admitted to the engine, during which time the fly-wheel 
has turned 270 degrees, and it would be expected that the 
governor would continue to drop and overreach before corrected 
by the increased speed from full power strokes. This natural 
tendency to over-reach on the part of the governor, is reduced to 
a minimum however by the nice adjustment between the fly¬ 
wheel inertia and damping of the governor. 

It is generally supposed that the turning moment or angular 
velocity of a gas engine is uneven and characterized by periodic 
variations with each impulse, due to the fact that the initial 
cylinder pressures are extremely high as compared to those of 
steam engines. This would no doubt be the case with a single¬ 
tandem, four-cycle gas engine, but with the twin-tandem engines 
having four double acting cylinders, eight impulses are given 
to the fly-wheel in two revolutions or one complete cycle. There¬ 
fore, as the cranks of the two sides are quartering, an impulse is 
imparted to the fly-wheel every 90 degrees, or two impulses per 
stroke. The impulses thus over-lapping tend to smooth out the 
variations that otherwise would occur, and permit of a far. 
lighter fly-wheel than could be used with a single-taildem engine. 
The lighter fly-wheel is less sluggish and consequently promotes 
good parallel operation, but it is not too light to afford sufficient 
inertia to practically absorb the variations in crank effort. 

We have been convinced of the correctness of this statement 
by observing the behavior of the alternators at various times 
when they were running in synchronism, with the engine cranks 
in almost every possible relation. No difference can be discerned 
in the action of the switchboard instruments, whether the 
cranks^^are in step or in any other possible position. 
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While the parallel operation of this engine would not be consid¬ 
ered good in comparison with steam turbines operating at high 
speed,with alternators having from two to four field poles, it never¬ 
theless compares favorably with the best type of reciprocating 
steam engines with alternators having the same number of 
field poles, viz., sixty, which of course means that the variations 
in electrical degrees will be thirty times as great per degree of 
angular variation as would be the case in a turbine of the same 
capacity, which would operate at 3600 revolutions per minute. 

The temperatures of the alternators above room temperatures, 
so far as can be observed with the constantly varying load, do 
not indicate an excessive synchronizing current, and there 
has never been any tendency on the part of the synchronous 
converters to fall out of step. The smaller converter running 
from one engine or from both in parallel, shows no signs of hunt¬ 
ing, neither does the 500-kw. converter when running from both 
engines in parallel. It, however, hunts slightly when running 
on only one engine. This is probably due to the fact that this 
converter is practically of the same capacity as the one alternator, 
and the fly-wheel effect of its rotor is too great to permit its con¬ 
forming to the variations of speed which are greater for a given- 
load with one engine operating alone than when both are in 

parallel. 

There is a slight periodic swing between the pointers of the 
wattmeters when the engines are operating in parallel; this is 
no doubt accentuated by the extreme sensitiveness of the meters, 
which have 325-degree scales, and by the pendulum motion of 
the pointers which is common in instruments of this kind. The 
same swing appears on the ammeters, but to a much less extent. 
The engines divide the load very equally, and by adjusting the 
governors they can be made to divide the load in any proportion 
that may be desired. 

Below are shown four speed curves taken with an extremely 
sensitive graphic recording speed indicator. Each J in. of length 
represents approximately a time interval of one second, and the 
spaces between lines represent variations of one per cent. 

The first record was taken from an engine with no load, and 
the second was taken from one engine with the load varying 
from 300 to 500 kw. 

The third record was taken from one engine in parallel with 
the other engine under a total load ranging from 300 to 500 kw. 

The fourth record is taken from one of the two engines in 
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parallel, with a load of 300 to 500 kw., and a load of 600 kw. 
thrown on and off. 


Cost of Operation and Repairs 

The figures given below covering the cost of operation and 
repairs speak for themselves, and there is little further to be said 
except to call attention to the extremely low load factor which 
is the controlling condition. The poor load factor is due princi¬ 
pally to two conditions; first, the prevailing load for twenty 
hours per day is easily within the range of one unit, but the wide 
limits of variation make it necessary to operate the second engine 
on an average of ten hours per day; and second, fiom 12 o clock 
night until 6 a.m one engine operates on practically no load 


at all. 

We do not claim high economy for this plant, and can hardly 
expect it under the circumstances, and while we hope in future 
to effect a slight reduction in coal consumption by a more con¬ 
sistent and economical operation of the producers, we cannot 
expect a material improvement in operating cost under the load 


conditions that obtain. 

We estimate that with an inciease in the load factor of 25 per 
cent the additional output could be produced for an amount 
not exceeding 10 per cent of the present cost, because a higher 
economy of coal would result from a higher load factor, with 
practically no increase in labor, water, oil, or other of the larger 

items that go to make up the total cost. 

In the matter of cost of repairs, also, we expect a reduction 
rather than an increase in the near future, dhe laigest item in 
the total cost of repair parts is the cost of an entire new equip¬ 
ment of exhaust valves, which amounts to about half of the 
total. These exhaust valves were put in, not on account of 


wear and tear, or breakage of the original ones, but on account 
of their inferior design, which caused them to continually woik 
loose from the stem, which was connected by a flange and stud- 
bolts. The new type has proved entirely satisfactory. 

Four pistons have been taken out and fitted with new rings, 
the original rings having become broken when water leaks oc¬ 
curred in the cylinders due to defects in the castings of the piston 
water compartments. Broken rings almost invariably result 
^ from water leaks in a cylinder. In this case, new parts were 
furnished by the manufacturers without charge, and the labor 
was furnished ptincipally from the operating force. 
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Considerable annoyance, though only slight expense, has 
been occasioned by the backing off of the packing glands around 
the valve stems, caused by vibration, and a consequent breaking 
of the exhaust valve casing. This trouble could have been 
avoided in the beginning, as it has been since, by tapping set 
sciews into the packing glands to prevent their -working loose. 

The least serious trouble that has been encountered, but one 
of the most annoying, on account of its occurring at most inoppor¬ 
tune times, is the breaking of the -vedge adjusting bolts in either 
the crank or cross head bearings. We have had about six of 
these break, but the trouble has each time been promptly located, 
and quickly repaired without further damage resulting. 


OPERATING FIGURES 
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Output 

Load Factor = -.-^-. ..... 

Engine hours X capacity or one engine 


In addition to the coal, 260,292 lb. of coke were used in starting 
producers, of which amount 122,371 lb. were reclaimed, leaving 
the total net amount used 137,921 lb., equal in cost to 192,000 Ih. 
of coal. 

We have, therefore, for the total coal consumption 6,444,281 lb. 
+ 192,000 = 6,636,281 Ih. 


6,636,281 

3,355r907 


= 1.97 = lb. of coal per kw-hr. 
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Assuming 85 per cent efficiency for alternators at 45 per cent 
load we have 

197 

iww X85 = 1.275 lb. of coal per b.h.p-hr.' 

loo 

Cost of Current 


Cost of coal per kw-hr.0.349 cts. 

Cost of power house labor per kw-hr.0.170 “ 

Cost of producer labor per kw-hr.0.131 “ 

Oil for power house ... 0.065 “ 

Oil for producer...0.005 “ 

Waste and sundries, power house.0.012 “ 

Waste and sundries, producer house.0.003 “ 

Repair parts for engines...0.046 

Repair parts for producers.0.007 

Machine shop work, engines.0.016 

Machine shop work, producers.0.007 

Excelsior for producers.0.003 

Water, both departments. 0.071 “ 


Total cost of current at switch board per kw.-hr.0.885 “ 

Power Consumed by Auxiliaries 


Cooling water pump, kilowatts per kw-hr.0.0095 

Station lighting “ “ “.0.0116 

Motor driven exciter “ “ “.0.0688 


Total kilowatts per kw-hr.0.0909 


The items of interest, depreciation, taxes, etc., are not included, 
for the reason that they would be quite unfair to the plant, on 
account of the fact that it was designed for three SlO-h.p. units, 
while only two have been installed. 

Buildings, producers, gas holders, piping, etc., are all installed 
complete for the full ultimate capacity. Therefore a relatively 
small additional expenditure for one engine generator and found¬ 
ation would increase the capacity of the plant by 50 per cent, 
while the foregoing items of interest, depreciation, etc, would 
be increased but 18 per cent per unit of capacity installed. 

Producer Operation 

In staiting a producer the generators are charged to a depth 
of five feet with 72-hour coke, requiiing about 6000 lb. to each 
generator, or a total of 12,000 lb. The exhauster is then started, 
and the coke ignited. The gas made during the first 40 minutes 
is too inferior to be of any use in the engine, and it is therefore 
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blown out through the purge stack and wasted, instead of being 
admitted to the holder. As the coke in the generators bums and 
becomes hot, coal is charged at the top in small quantities and at 
frequent intervals. If coal is charged too rapidly, particularly 
in the early stages of the fire, it tends to coke, with the result 
that the draught will be unequally distributed over the fuel bed, 
finding its way down through holes and localizing the heat to 
such an extent that the excessive temperature causes clinker to 
form, thus reducing the capacity of the generator and shortening 
by several days the time that the set can be run without shutting 
down for cleaning. When the fuel bed has attained a sufficiently 
high temperature, the purge stack is closed, and the gas is ad¬ 
mitted to the holder. Steam is introduced at the top of the 
charging doors and, together with the air, is drawn in by the 
exhauster, passing down through the generator, forming a mixed 
gas. The carbon of the incandescent fuel combines with the 
oxygen in the air and steam, forming carbonic oxide gas and free 
hydrogen, the principal valuable constituents of producer gas. 

At intervals of 20 to 30 minutes, up and down steam runs are 
made in the generators in the following manner: The by-pass 
around the exhauster is opened, the charging doors of the genera¬ 
tors closed, and steam is admitted beneath the grate bars of one 
generator, the gate valve of which is closed, for about thirty 
seconds. This steam passes up through the generator, moistens 
the ash, breaks up the fuel bed and cools the fuel at the point 
where clinker is forming, and which is not reached by the top 
steam before decomposition takes place. This steam leaves the 
generator through a connection at the top, passing over into the 
top of the second generator, down through the fuel bed and out 
through the other apparatus to the holder as a fixed gas. The 
direction of the steam is reversed on the next run, so that the 
generators are alternately treated in the same manner. 

The hot gas leaves the generators at a temperature of about 
1200 degrees cent, and passes out through a brick-lined nozzle 
and water cooled gate valve into the lower compartment of the 
vertical economizer, which is also brick-lined. A large part of 
the sensible heat of the gas is given off and goes to make steam 
which is used in the generators and for running the exhauster. 
From the top of the economizer the gas passes, at a reduced 
temperature, to the bottom of the wet scrubber where it is water 
sealed, and passing up through the wet scrubber, it works its 
way through several layers of coke over which water is sprayed 
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from above. During its passage through the coke and water 
most of the dust and lampblack in the gas is removed, and its 
temperature is reduced to that of the atmosphere. In the top 
of the wet scrubber a thick layer of excelsior removes part of 
the moisture and most of the remaining lampblack. From the 
wet scrubber the g.as goes through the exhauster, then to the 
dry scrubber, where two more layers of excelsior thoroughly dry 
it, thence it passes to the holder, a clean, dry, cool gas. 

It is very important that the gas should be reduced to at¬ 
mospheric temperature in the wet scrubber by the use of a suffi¬ 
cient amount of cool water. About four to six gallons per horse 
power-hour is required, depending upon the temperature of the 
water and that of the atmosphere. If the gas is allowed to leave 
the wet scrubber hot, a large amount of water is entrained in the 
gas and carried in suspension over to the engines. The moisture 
in the gas is converted into steam by the heat of combustion in 
the engine, and the latent heat of the steam is absoibed fiom the 
burning gas, causing a tohal loss of this amount of heat to the 
engine, since the products of combustion are exhausted at a 
temperature far above that of condensation. 

The use of a large holder, such as the one installed in this 
plant (60,000 cu. ft.) is of great value in operation. It takes 
up the variations in load and allows the producer to be operated 
at an even rate; also, if the gas varies in quality over short in¬ 
tervals, which is unavoidable, the gases above and below the 
mean value are thoroughly mixed and a gas of uniform quality 
is supplied to the engines. 

A strip of metal on one of the guides of the holder, and insu¬ 
lated from it, is divided into ten parts, each representing about 
two feet lift of the holder. Each section is connected to one of 
ten lamps arranged vertically on the charging floor of the pro¬ 
ducer house. A roller on the lift of the holder makes contact 
with these strips, and lights a lamp in the producer house corres¬ 
ponding to the height of the lift. By means of this tell-tale 
the output of the producer is regulated. If the holder begins to 
fall, due to a continued heavy demand by the engines, the speed 
of the exhauster is increased, and the charging of coal is varied 
accordingly. 

It may be of interest to describe here a rather serious difficulty 
which was encountered in this plant, and the way in which it 
was remedied. 

A short time after the plant was put into operation, it was 
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found that some of the tubes of the economizers were leaking. 
The tubes were rolled and the leaks stopped, but in a short 
time they were found to be leaking again. They were again 
rolled, but continued to leak, and when finally too thin to be 
any longer rolled they ‘were taken out and replaced with new 
tubes. The old tubes when taken out were cut into sections 
and split open, and it was found that they were badly pitted 
throughout their entire length, although the pitting was worse 
at the upper end; weighing the tubes disclosed the fact that they 
had lost nearly 25 per cent of their original weight. After much 
surmising, the cause of the pitting of these tubes is believed to 
be as follows: 

In the usual design of plants of this kind, with two or more 
sets of apparatus, the various sets aie absolutely independent 
of each other as far as the wet scrubbers, and as the gas is vrater- 
sealed in the wet scrubbers it is impossible for gas from one set 
to pass over into another. In this plant, however, in order to 
increase the flexibility of operation, the two economizers were 
connected together at the top by a horizontal header, and each 
one was cut of! from the header by a gate valve. These gate 
valves coming in contact with gas at fairly high temperature 
expand and contract, and cannot be kept perfectly tight. 
During steam luns, wdien the generators were under pressure* 
leakage of these valves permitted hot gas to pass from the 
economizer in operation to the one shut down, and after passing 
down through this economizer to escape through the open gener¬ 
ators. It was found that the economizer not in use sweated 
profusely on account of the difference in temperature of the room 
and the water in the economizer, keeping the tubes continually 
wet. This moisture, combining with the hot gas leaking through 
the apparatus, undoubtedly formed a strong acid and attacked 
the tubes. Since arriving at this conclusion, each time a pro¬ 
ducer is shiit down the gates of the valves are thoroughly cleaned, 
the tubes are cleaned with a wire brush, the tube ends and tube 
sheet are painted with one coat of graphite paint, and the man¬ 
holes at top and bottom of the economizers are left open, so that 
a circulation of air prevents sweating. Since adopting these 
measures, there have been no more leaky tubes, and it is be¬ 
lieved that the trouble has been effectually remedied. 

At another time an annoying occurrence was the development 
of numerous hot spots on the shells of the generators; these hot 
spots were caused by defects in the linings. The brick of the 
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linings were laid with fire clay mortar joints, and the space be¬ 
tween brick and shell was grouted with fire clay grout. The 
jarring occasioned by the heavy barring necessary to remove 
clinker, brbke the bond of the joints and the grout behind the 
brick becoming pulverized, sifted out when the cleaning doors 
weie open. To correct this trouble holes were tapped in the 
shell, and fire clay grout forced in at various places under 
about twenty pounds pressure. As the brick of the linings 
had thoroughly settled when this was done, no further recurrence 
of the trouble has been experienced. Had the brick been 
dipped in fire clay grout and laid brick to brick, and the space 
between the brick and shell been rammed with a mixture of fire 
clay grout and shredded asbestos, as is the practice with other 
gas generating apparatus, the trouble would probably not have 
occurred. 

It is found to be an advantage after cleaning a generator to 
wash the surface of the brick exposed to the fuel with fire clay 
grout, as the grout tends to form a cleavage plane between clinker 
and brick and greatly facilitates its removal. When cleaning 
the generators, it is not desirable to remove all the clinker, for 
in doing so a part of the brick would be chipped off each time, 
and greatly reduce the life of the lining. About one or two inches 
of clinker adhering to the brick is allowed to remain, and this 
coating affords great protection to the surface of the lining. 

Theory of Producer Gas Manufacture and Combustion 

The chemical reactions that take place in the producer gener¬ 
ators are practically as follows: 

Air passing down over the green coal as it becomes heated by 
the incandescent coke in the generator, supplies oxygen for com¬ 
bustion of the carbon, and the intense heat produced drives off 
first the hydrocarbons, which are extremely volatile, in the 
form of vapor which when condensed becomes tar. This 
tarry vapor is drawn down through the hot fuel, and most of it 
burned to lampblack, which is later removed by the wet scrub¬ 
bers, and the tar, which is most objectionable, is disposed of in a 
very simple and satisfactory manner. The remaining hydro¬ 
carbons are retained as fixed gases in the form of marsh gas or 
methane, CH^ and olefiant gas, C 2 H 4 . These gases are both high 
in heat value and are extremely valuable, but are obtainable in 
very small quantities. 

The fixed carbon of the coal combines with oxygen from the 
air or steam admitted, and forms carbonic oxide, CO, and car- 
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bonic acid gas. The former, considering the quantity in which 
it is obtainable, is a most desirable gas, the latter contains no 


heat and is of no value whatever. ^ 

There are two ways in which carbonic oxide gas may be 
formed. When carbon is burned in oxygen present in insuffi¬ 
cient quantity to afford complete combustion, a permanent gas 
is formed which passes out of the apparatus without further 
reaction. Since this is a simple and direct process, it would 
seem most natural and probable that the carbonic oxide is formed 
in this way. As a matter of fact, however, it has been pretty 
well established that the principal part if not all of the carbon 
monoxide gas is formed by a double reaction in the following 
manner; The air and steam supplied to the producer affords 
ample oxygen for complete combustion of the carbon in the coa 
at or near the surface of the fuel. As the complete combustion 
of carbon gives off heat at the rate of 14,647 B.t.u. per pound, 
the heat liberated raises the carbonic acid gas (CO.^)^ foimec, 
to an intensely high temperature, and the hot gas passing down 
through the already incandescent fuel raises its temperature still 
higher, driving off carbon vapor, with each volume of which, one 
volume of carbonic acid gas combines to form two volumes of 
carbon monoxide. The combination absorbs the same amount of 
heat that would be given off if an equal weight of carbon monoxide 
were burned to form carbonic acid gas, viz., 4,383 B.t.u. per pound. 
Since the molecular weight of carbon is 12 and that of oxygen 16, 
the product of combustion of one pound of carbon is 3t lb. of 
CO . In the second reaction, the 3| lb. -of CO 2 combines witi 
one pound of carbon, making 4^ lb. of carbon monoxide (CO) 
of which 2 lb. consists of carbon and 21 lb. of oxygen. 
From the pound of carbon burned to form Gf lb. of COj there was 
liberated and given to the producer 14,647 B.t.u., and in the 
reduction of 3| lb. of CO^ to 4f lb. of CO an amount of heat 
equal to 2^ X 4383 = 10,227 B.t.u. per each pound of carbon 
burned was absorbed from the producer, leaving a net gain to 
the producer of 4,420 B.t.u. per pound of carbon converted into 
carbon oxide. This is exactly the same as if a pound of carbon 


was burned directly to carbon monoxide. 

If there was air alone admitted to the producer it can be 
readily seen that there would be a continual gain in heat to the 
generator with each pound of coal fired, and while high heat is 
conducive to a large production of carbon monoxide gas, and is 
desirable, an excessive heat will fuse the impurities of the coal 
and form clinker, closing the gas passages through the producer, 
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increasing the vacuum for a given output, and reducing its 
capacity to such an extent that it becomes necessary to shut 
it down and remove the clinker. While the production of a 
certain amount of clinker is unavoidable, the cleaning of a pro¬ 
ducer entails loss of fuel and expense of labor, and should be 
postponed as long as possible. 

It therefore becomes necessary to control the temperature 
of the fire, and this constitutes a fine point in producer operation, 
for only experience can guide the operator, and for the best 
results good judgment is absolutely necessary. 

To cool the fire, steam is admitted at the charging doors 
together with the air, in an amount depending upon load con¬ 
ditions. First of all, the temperature of the fire must be kept 
below that, which would cause rapid fusing of the impurities. 
If the design of the engine is such that it will utilize a gas rich 
in hydrogen, without preignition, the steam may be increased to 
a point that will reduce the production of carbon monoxide, and 
increase the carbonic acid, while the loss in heat by the production 
of carbonic acid gas will be more than compensated for by 
the high heat value of the hydrogen. The amount of steam 
cannot be increased indefinitely even if the engines would permit 
it, for the action of an excess of steam on the fire will cool the 
fire to such a degree that instead of being decomposed, it will 
pass through the generator in the form of live steam which is 
condensed in the holder and carried to the engine in the form 
of entrained moisture,,the effect of which has already been ex¬ 
plained. In general, we may say that the amount of steam to 
be used depends upon the rate of combustion, that is, it must be 
in proportion to the load, and the proportion depends upon the 
amount of hydrogen that the engine utilizes without preignition. 

The effect of steam upon the fire is as follows: Steam entering 
at the charging doors and coming in contact with the hot fuel 
is disassociated into its constituent parts, viz,, oxygen and 
hydrogen. The action of the oxygen from the steam is identical 
with that of the oxygen in the air, and by combination with the 
carbon produces heat. Since hydrogen burning in oxygen, to 
form water liberates heat in the amount of 62,032 B.t.u. per 
pound, conversely, when hydrogen is disassociated from oxygen, 
an absorption of heat in the same amount takes place. However, 
as the hydrogen and oxygen are introduced into the generator 
in the form of steam and as one pound of hydrogen combines 
with 8 pounds of oxygen to form 9 pounds of steam the latent 
heat of which from 70 degrees is 1,064 B.t.u. per pound, the net 
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heat absorbed from the producer is 62,032 — 9X1064 = 52,456 
B.t.u. per each pound of hydrogen liberated,—hence the cooling 
action of steam. 

To demonstrate this effect by figures, the molecular weight of 
carbon is 12, that of oxygen 16, and that of hydrogen 1. Six 
pounds of carbon, therefore, will combine with eight pounds of 
oxygen to form 14 pounds of carbon monoxide, from which 
the heat evolved is 6X4420 = 26,520 B.t.u., and one pound 
of hydrogen will be liberated, absorbing 52,456 B.t.u. The 
loss of heat, therefore, to the generator will be 52,456 — 26,520 

25 936 

— 25,936 B.t.u. for each 9 pounds, or —— = 2,882 B.t.u. 
per pound of steam supplied. 

Hydrogen gas is very valuable within the limits that permit 
its use, and it is inexpensive to manufacture. The amount of 
water required is negligible, and the heat required to convert 
the water into steam is taken from the gas after leaving the 
generator, and if not utilized in the economizer would be wasted 
in the scrubber. Its heat of combustion is very high, and al~ 
though this heat is borrowed from the generator, it is heat that is 
liberated in the production of carbon monoxide, and like the 
heat of the gas, if not absorbed by the hydrogen it would finally 
be wasted by radiation and in heating the water of the scrubber. 

In order that the operator may efficiently perform the duties 
of his position it is necessary that he should have a clear idea as 
to the nature and extent of the various losses that occur from 
the coal pile to the switchboard. For this purpose, actual 
figures, though not necessarily more than approximately correct, 
afford the best demonstration. 

Taking for example the coal which has been used throughout 
the operation of this plant, a high grade of Pocahontas coal, we 
obtain from the United States Geological Survey the following 
analysis: 


Proximate analysis 


Pinal analysis 



Per cent 


Per cent 


1.90 

Carbon.... • 

85.87 


18.08 

Hydrogen. 

4.65 


77.03 

Oxygen.. 

4.64 


0.67 

Nitrogen. 

1.19 


0.008 

Sulphur.... 

0.67 

A cIt . 

2.312 

Phosphorus. 

0.008 



Ash... 

2.972 

Total. 

100,0 


100.0 
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Heat value, calculated, 15,039 B.t.u. 

Heat value, by calorimeter, 15,344 B.t.u. 

This calculated value is checked approximately as follows: 

Carbon.85.87X14647 = 12577 B.t.u. 

Hydrogen. 4.65X62032 = 2884 “ 

Total.15461 

Deducting latent heat of evap. 0.0465X9X 1064 — 445 “ 

Net heat value....15016 “ 

At the end of a run on one producer covering a period of 19 days 
during which time 293,000 lb. of coal was converted, the residual 
removed in cleaning the generators was carefully weighed, and 
found to be as follows: 


Clinker from generators.. 13328 lb. 

Ashes and lampblack from generators. 3221 “ 

Ashes and lampblack from economizers. 168 “ 


Total.16717 “ 


and in addition 5,351 lb. of good coke, suitable for use again. 
The 16,717 lb. of waste material is 5.7 per cent of the total coal 
converted, and while the analysis of the coal shows only about 
3 per cent of sulphur, phosphorus and ash, the balance of weight, 
viz., 2;7 per cent is no doubt supplied by oxygen with which some 
of these impurities combine at the high temperature of fusion. 

From this coal we assume the gas to have the following analysis 
by volume, viz. 


Carbon monoxide CO. 20.3 

Hydrogen H. 11.6 

Methane CH 4 ... 12 

Olefiant Gas C 2 H 4 .. 0,3 

Carbonic acid CO„. c 9 

Nitrogen N. 5 g .4 


Total..100.0 


While this is by no means a high grade gas from the above coal, 
the analysis is assumed purely for the sake of explanation, al¬ 
though it is believed to be a fair average of the gas produced in 
the plant. 

From the above analysis of gas is computed the following 
table: 
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4J 

oJ 
^ M 


T3 T3 
01 5 

■3 I 

{U (U 


cd (D 
—* 

'Zl 

jd p 

4-> 

M 4J 


<3 < « ^ 


127.0 - 7.80 = 119.2 B.t.u. 
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Assuming that 72,710 cu. ft. of the above gas will be required 
by one 810 b.h.p. engine operating for one hour at full load, we 
then have: 



5,120.704 9.361,591 


Dividing the amount of carbon by the percentage contained 

788 12 

in the coal we get == 8591b. of coal required for 72,710 

cu. ft. gas. 

In this coal there appears 4.65 per cent of hydrogen of which 
4.44 per cent is apparently in the form of hydrocarbons, the hydro¬ 
gen of which undergoes no reaction in the producer. The bal¬ 
ance, 0.21 per cent, is in the form of moisture, and will be classed 
with hydrogen obtained from steam. 

Therefore we have 859X0.0444 == 38.14 lb. of hydrogen in 
hydrocarbons and 59.18 ~ 38.14 = 21.04 lb. of hydrogen 
derived from steam, the heat value of which 21.04X62.032 = 
1,305,153 B.t.u. is absorbed from the producer and should be 
deducted from the total amount under head of “ heat lost.” 
We have, therefore, for the net results, 


Heat lost in producer, 5,120,704 - 1,305,153 = 3,815,551 B.t.u. 
Heat retained in gas. 9,361,591 “ 


Total heat of combustion of 859 lb. of coal. . 13,177,142 “ 

showing a loss of 28.9 per cent in the producer. ' 

It would seem that the analysis of gas assumed is unfair to 
the producer, for the relatively small amount of hydrogen (less 
than 0.40 per cent by weight) introduced into the producer in 
the form of steam, would indicate that the producer was being 
operated at high temperature, and therefore a large amount ol 
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carbon monoxide would be formed and a correspondingly 
smaller amount of carbonic acid than the quantities given in 
the analysis, resulting in a gas of higher heat value and a higher 
degree of efficiency for the producer. 

From S59 lb. of coal consumed, 810 b.h.p. for one hour were 

, . 859 

produced, from which the coal consumption is --- ^ =1.05 lb. 


of coal per b.h.p-hr. This is about in line with the 1.275 lb. of 
coal per b.h.p-hr. at 45 per cent load factor, which was the average 
consumjition of the plant under discussion for the past year. 

From the table we find that one cu. ft. of gas requires 0.926 cu. 
it. of air for complete combustion, and therefore 72,710 cu. ft. 
ot gas will require 72,710X926 = 67,402 cu. ft. of air, making a 
total mixture of 72,710 + 67,402 = 140,112 cu. ft. 

The displacement of the piston in one power stroke is 9,574.464 
cu. in. = 5.54 cu. ft., and as there are 28,800 power strokes 
|)er hour, the total displacement per hour is 28,800X5.54 = 
159,952 cu. ft. If the full load capacity of the engine is 87 per 
cent of its ultimate capacity, then 159,952X0.87 = 139,158 cu. 
ft, is tile full load displacement per hour, and the suction effi¬ 


ciency of the engine would be 


140,112 

139;i5S 


or a trifle over 100 per 


cent. As this is not possible it is evident, if the figures are cor¬ 
rect, that the assumption of 72,710 cu. ft. of gas at 127.0 B.t.u. 
per cu. ft. is a little more than required to develop 810 b.h.p.-hr. 
at the full load rating of the engine, provided the engine is 
properly I'ated. However, as the error is small, we will continue in 
the original assumption as to quantity and value of gas and derive 
from the above figures the following approximate heat balance: 


Heat lost in producer and auxiliaries . 

3,815,551 

B.t.u, 

28.9 per cent 

Heat lost in engine friction at S4 per cent rp.e- 





. . , . 1980000X154 

chanical emciency .... ,. 

394.977 

ii 

2.9 

44 

772 





67437 lb. of water raised 40 degrees, specific neat 

1,013:67437X40X1.013 » .. 

Latent heat of evaporation 532.62 lb. steam at 

2,734.000 

14 

20.8 

4( 

1064 B.t.u. per pound. . 

566,707 

14 

4.3 

44 

Lost in radiation and exhaust. 

3.588,446 

14 

27.3 

44 

Total losses . 

11,099,681 

14 

84.2 

41 

. . 1980000X810 

Heat effective m engine........ 

772 

2,077,461 

44 

15.8 

44 

Total heat of combustion. 

13,177,142 

14 

100.0 

II 
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Since the specific heat of the products of combustion is not 
known for temperatures as high as exist in the exhaust, it is 
impossible to compute the heat lost in this direction, and there¬ 
fore the heat lost by radiation and by exhaust can only be 
arrived at by elimination. 

The specific heat of the products of combustion containing 
15 per cent CO 2 is given as 0.323 for 100 degrees fahr., and it is 
known that the specific heat of all gases increases consider¬ 
ably with increased temperatures. If the amount of heat, viz., 
3,588,446 B.t.u. as derived by our heat balance is correct and 
the temperature of exhaust 800 degrees above atmospheric, 
which is approximately true, there being 72710X0.148,123 = 
10,761 lb. of gas delivered from the exhaust, the specific heat 
(neglecting loss by radiation of engine) would have to be 


3588446 

10761X800 


0.41*" 


o, 


as compared to water, which would seem 


to be a reasonable value. 

Ifi Coficlusiofi. That the gas engine has a wide field of use¬ 
fulness is no longer disputed, but whether it is adapted to con¬ 
ditions of operation such as are met in the plant described is 
very questionable, unless it be in connection with a storag’e 
battery. Other factors however than the conditions of load, 
as in this case, often enter into the question, and bring influence 
to bear upon the adoption of a system seemingly unsuitable for 
the conditions in hand. 

The economy of the gas engine has long been conceded, and 
its reliability at the present time has been proved without a 
shadow of doubt. An engine in the Edgar Thompson Works 
of the U. S. Steel Corporation has operated continuously niglit 
and day for six months with the total loss of only three hours 
time; and other records that would do credit to any class of 
prime mover are to be had in numbers. 

When a source of power at low price but uncertain continuity 

is available, a gas engine and producer will prove a most perfect 

relay, provided the character of service will warrant the cost of 
reserve power. 

With the holder full of gas and the exhauster of the producer 

stopped, the fires in the generators will smoulder with almost 

inappreciable stand-by loss. The engine may be started and put 

under load in less than two minutes, and the producer can be 

brought up to working condition before the gas in the holder 
is exhausted. 
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Again, when natural or blast furnace gas is available, or when 
location renders the cost of fuel high, the gas engine has no 
competitor. Fuel can be utilized in the producer that is abso¬ 
lutely unfit to be burned under a boiler, but even where condi¬ 
tions are more favorable to steam, the gas engine makes a most 
respectable showing. 
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Discussion on “ Gas Engines in City Railway and Lighting 
Service ”, Charlotte, N. C., March 30, 1910. 

H. K. English: I have been greatly interested in Mr. Latta’s 
paper on Gas Engines. The record given of plant perfoniiance 
showing a total shut-down of but two hours and forty-five 
minutes for the year is indeed an enviable one. Also, I consider 
the data given on operating costs of particular value, as it bears 
the stamp of “ real life ’’'instead of being an engineering estimate, 
which at best is often only a “ wise guess 

It is to be regretted, however, that the items of interest and 
depreciation have been omitted. Figures on cost of generating 
power, with these items omitted, are very misleading, tliis being 
particularly true of a gas engine plant where installation costs 
vary widely and little is known regarding such costs. If Mr. 
Latta would give some figures on installation costs of tlie plant 
under consideration, it would add greatly to the value of t}u‘ 
other data given. 

I would also like to ask Mr. Latta how often he finds it neces¬ 
sary to shut down his gas generators for cleaning, and how long 
a generator is out of service during this cleaning process. 

F. p. Gatchell: Referring to the paragraph of this paper deal¬ 
ing with the piston rod packing, I would like to state tliat while 
it is true that the piston rod packings are removed occasionalIv'' 
to be cleaned and adjusted, this is becoming more and more iii- 
frequent owing to a better knowledge of how to adjust and as¬ 
semble this packing before placing it on the piston rod and also 
to a much better system of lubrication. When these engines 
were first placed in operation considerable trouble was experi¬ 
enced by_ the blowing out and leaking of the packing, and if 
this condition was allowed to go on for any length of time the 
garter springs holding the segments in place were soon distorted 
owmg to the high temperature of the gas blowing througln 
this made the packing segments warp and not fit the rod prop¬ 
erly. We have overcome these troubles very effectively 
however, first, by careful study of the lubricating conditions* 
^d second, by a different method of applying the garter springs! 
After a series of experiments with different kinds and ciiiantitles 

npon a combination which 
effectively fits this practice. This is borne out by the fact that 

we have several sets of packing on these engines which have been 
in contmuous operation for several months, one set havine been 
in semce for over ten months without cleaning. This is verv 

piston rod 

packing on each engine to be kept up. 

ffaSr installation of the 

garter springs which hold the segments of packing to 2 'ethf‘r k 

Sm?2 Weriv afound the 

sections con¬ 
nected together with links of solid wire. Each piece of spring 
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takes care of one segment of packing and the joints are bridged 
3y _ie solid wire. It can readily be seen that as the packing 
nearly always begins to blow at the joints between the segments, 
tliese solid pieces of wire will not be affected by the heat as readily 
as the springy, and do not stretch, allowing the packing segments 
to get out of place. We are confident that this simple method 
ot installing these springs has reduced our packing trouble 
consideiabl}' and from indications in the operation of this pack¬ 
ing, as used now, it should run several months without adjusting 
or cleaning. ^ 

^ Referring to the paragraph on page 444 which states that there 
is a slight periodic swing between the pointers of the watt- 
meteis, it m.ay be of interest to state that since this paper has 
been written we have discovered that one of the wattmeters was 
improperly connected and after removing this trouble the so- 
called^ periodic swing has been reduced to a marked degree, so 
that it is hardly perceptible, which would indicate that the 
fluctuation was principally an instrument trouble rather than 
one caused by cross currents between the alternators running 
ill parallel. 

E. D. Latta, Jr.: If I may be permitted to add a few remarks 
by way of discussion of my own paper, I should like to call atten¬ 
tion to recent experiments made at the University of Illinois on 
the subject of the occluded gases in coal. These experiments 
show that when coal is freshly mined a considerable amount of 
gas exudes from it and simultaneously an absorption of oxygen 
from the air takes place. The gas escapes rapidly from the coal 
when first exposed to air, but the rate of escape gradually de¬ 
creases until at the end of about two months it has practically 
ceased. Similarly the absorption of oxygen decreases with the 
time of exposure bat to a much less degree, for the experiments 
indicated that after two years exposure the coal still showed 
a marked avidity for oxygen, and it is probable that this con¬ 
dition continues indefinitely. 

This slow oxidation of coal may account in part for the dif¬ 
ference between railroad weights and the yreights of coal as 
fired, for nearly all consumers of coal who carry a large stock 
on hand, find it necessary to add a certain percentage to the 
weights of coal as fired in order to balance with the railroad 
weights. 

The gas which escapes from the coal, when freshly mined, 
couvsists largely of hydrocarbons in the form of marsh gas, CH^ 
which is well known to be the cause of nearly all coal mine 
disasters. If the analyvsis of the coal referred to in this paper 
were made, or samples taken within two months after the coal 
was mined, it is probable that a subsequent loss of hydrogen 
in the form of marsh gas occurred, and that the coal as fired did 
not contain the heat units that the analysis showed. Assuming 
a possible loss to the coal of 2 per cent of hydrogen subsequent 
to the analysis, the total higher heat value of the coal per pound 
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would be 14,220 B.t.u. which is more nearly the commerciallv 
accepted value of good bituminous coal. The engine efficiency 

E and the 

producer would be materially 
reduced, for instead of obtaining 4.44 per cent of hydrogen fron'i 
the hydrocarbons in the coat, there would be found only 2 44 S 

the intrnri * +• therefore have to be supplied by 

ther^^^Ha r "oo^n disassociation of which 

reducin? thp >370.863 B.t u. absorbed from the producer, 
- 9 ^ 7 n^o«n units lost in the producer to 5 120 704 

would^ff r P®"" This figure 
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^modifications in HERING’S laws of fur¬ 
nace ELECTRODES INTRODUCED BY INCLUDING 
VARIATIONS IN ELECTRIC AND THERMAL 

RESISTIVITY 


BY A. E. KENNELLY 


_ At the meeting of the American Electrochemical Society 
m October 1909, a paper was read by Mr. Carl Hering on “ Laws 
of Electrode Losses in Electric Furnaces”. At least seven in¬ 
teresting and important laws of electrode losses were enunciated 
and demonstrated in that paper, of which, however, only the two 
following need here be considered: 

a, 1 he combined loss through the cold end of an electrode is 
equivalent to the sum of the loss by heat conduction alone, 
(when there is no current) and half the P R loss. 

h. This combined loss will be least when the loss by heat con¬ 
duction alone is made equal to half the P R loss; the total loss 
will then be equal to the P i? loss, and no heat will be conducted 
from the interior of the furnace. 


In the discussion upon the paper the question was raised 
as to how far the temperature variation in electric and thermal 
resktivities , of the electrodes modified these laws, since these 
resistivities might be considerably different at the hot and cold 

ends. This paper is devoted to a consideration of that question 
from an arithmetical point of view. 

We will assume that both the electric and thermal resistivities 
are known at the hot end, as well as at the cold end of the 
electrode, from physical data for the electrode material at the 
furnace temperature and at the external air temperature. We 
will also assume that both resistivities change uniformly ac¬ 
cording to a straight-line law from the known value at the 
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cold end to the known value at the hot end. Thus, in Fig. 1, 
0 X represents the length of an electrode, whose cold end 0 has 
a certain resistivity—either electric or thermal—represented by 
the ordinate 0 A, and whose hot end X has a corresponding 
resistivity represented to the same scale by the ordinate X B. 
We now assume that at any point P along the electrode, the 
resistivity considered has a value P Q, the point Q being found 
on the straight line A B, This assumption would be entirely 
justified if the resistivity followed the temperature according 
to a straight-line law, and also if the temperature increased 
uniformly along the electrode when at work. But in the 
working condition, the gradient of temperature is greater near 
the cold end than near the hot end. If only on this account, 
the actual resistivity curve probably deviates to one side or the 
other of the straight line A B. In assuming, therefore, straight- 

A 



Fig. 1.—Diagram representing the assumed type 
of straight-line law in linear resistivities 

line laws of resistivities from one end of the electrode to the 
other, we arrive at only a first approximation to the true solution 
of the problem, although we greatly simplify the solution. Never-- 
theless, the first-approximation solution which we shall de¬ 
velop is probably sufficiently close for ordinary practical pur¬ 
poses, especially as our data concerning the temperature varia¬ 
tion of the resistivities is still very meagre. Moreover, since 
the results indicate that the first-approximation effect of the 
change in resistivities is relatively small, the necessity for 
seeking a second approximation becomes yet smaller. 

In Fig. 2, 0 X represents a prismatic electrode with a length 
O X oi X cm., and a uniform cross-sectional area of s cm^, 
commencing at the cold end 0, the temperature of which is 
taken as 0 degrees cent., and terminating at the hot end X, 
the temperature of which is taken as T degrees cent. The elec- 
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trode^is assumed to be perfectly insulated at the sides, both 
e ectrically and thermally, by the surrounding furnace wall, 
if the temperature of the cold end should differ materially from 
0 degrees cent, it suffices to reckon this temperature as 0 degrees 
and to deduct from the furnace temperature T a corresponding 

amount, so as to maintain the correct difference of temperature 
between the ends. 

In the following demonstration C. G. S. units are employed 
throughout. 

Let G = the temperature at any point of the 
electrode distant x cm. from 0. (degrees 
cent.) 

4^x = i'he flow of heat through a cross-section of 
electrode distant % cm. from O, and 
leckoned as positive when in the 
direction O X (abwatts). 

1 == the current strength passing through the 
electrode (absamperes). 

Px == (Oq (l + av) = the electric resistivity of the electrode at a 

point distant x cm. from 0\ where is 
the resistivity at the cold end, and 
Po (l + ciX) is the resistivity at the hot 
end (absohm-cm.). 

= o-Q (1+6 :r) == the thermal resistivity of the electrode at 

a point distant x cm. from O; where is 
the resistivity at the cold end, and 
c7o (l + bX) is the resistivity at the hot 
end. (thermal absohm-cm.).* 

The differential increase in heat flow occurring in the element 
dx is 

d4>x = ^‘^Es.dx = Po_ (l-\-ax) dx abwatts (1) 

^ df^^X TO yo / ■( \ 

Jil (l + <^^) abwatts/cm. (2) 

5 

* A unit cube of material of thermal resistivity cr absohm-cm. will permit 
a thermal flow of l/u abwatts, or ergs per second, when a difference of 
temperature of 1 degree cent, is maintained between a pair of opposite 
faces. The constants a and d may be either both positive, or both nega¬ 
tive, or of opposite signs- 
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Also 



5 




dts _ s _ 

dx Gq (1 + ^ x) 


dtx 

dx 


abwatts (3) 


where the negative sign indicates that the flow of heat has a 
direction opposite to the positive direction of temperature 
gradient. 

^ dh. x) degrees cent, per cm. (4) 


Differentiating with respect to we have: 


dd ^ d(j)^ 

dx^ dx 


- (1 + & -~4>x ~ ^ 

degrees cent, per cm. per cm (5) 



o 

TC. 

X 


Fig. 2.—Electrode of uniform CjTOSS-section insulated 
both electrically and thermally in furnace wall 


Substituting in (5) the value of in ( 2 ) 

ax ' ^ 


dH 


X 


dx^ 


~ —P (^ij^Q^x + bx + abx^) — (j)^ ~b 


degrees cent, per cm. per cm. (6) 
Differentiating again with respect to 


d% 

dx^ 


(a + 6 + 2a6^) -P {b + abx) 

degrees cent, per cm. per cm. per cm. (7) 
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={a+2b+ Zabx) 

degrees cent, per cm. per cm. per cm. (8) 

This is the fundamental differential equation connecting tem¬ 
perature with distance along the electrode. Integrating with 
respect to x, we have: 



/ 


2 PQ ^0 


{aAr2h)x^^^ i-A 
degrees cent, per cm. per cm. (9) 


dtx 

dx 



-\-Ax + B 


degrees cent, per cm. (10) 



+ x"^ -}- Bx 

degrees cent. (11) 


where A and B are integration constants to be determined from 
the terminal conditions. No new integration constant appears 
in (11) because to == 0, by assumption. 

In order to determine B, we may substitute X for in (11), 
in which case = T degrees cent. This gives: 


T = -P M I /-?±?A)xs+-|- +~X^+BX 

degrees cent. (12) 

from which, 

degrees cent, per cm. (13) 
substituting this value of B in (10), we obtain: 




^ \ (^) 


3.P) 


+~ (X^-Ax^) I 


degrees cent, per cm. (14) 
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Using this result in (3), we have: 



\-\~h X 


s 

a 


0 


_r 


As 

2(7 n 


{X-2x) 


+ 1^-— I -3x^)+ -g- {X^ — 4 1 

abwatts (15) 

There remains the constant A to be determined from the 
known conditions of thermal flow. This constant A, which 
appears in (9) as a rate of change of temperature gradient, may 
be conveniently expressed as the sum of two parts, or 

A = Aj^-^A^ degrees cent, per cm. per cm. (16) 


where A^ depends only on the furnace heat-fiow, or the flow of 
heat which would take place through the electrode in the absence 
of electric current, and A 2 depends only on the joulean heat-flow, 
or the flow of heat which would take place in the electrode with 
the electric current acting, but with no furnace heat, or a tem¬ 
perature 0 degrees cent, at both ends. 

The total furnace flow will be obtained by dividing the differ¬ 
ence of temperature, or thermomotive force, by the total thermal 
resistance of the electrode (K, which is 


X X 

^ J ^ + dx = -^X(l + 6y) 

0 0 

thermal absohms (17) 

This means that the thermal resistance of the electrode, with a 
thermal resistivity varying in the manner assumed, is the same 
as that of an electrode having the same dimensions and a constant 
resistivity, equal to the arithmetical mean resistivity of the 
first. - The furnace flow is thus: 


- 0 . (7 0 ) - abwatts (18) 

where v = /2 
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Putting / = 0 in (15) we obtain: 


Ts 

cTo X(l + 6v) 


__ Ts A^s {v — x) 

^0 -X (1 “f" 5:^:) (jQ (l~f“^^) 


abwatts (19) 


from which 



degrees cent, per cm. per cm. (20) 


The total joulean heat flow will be the integral of the P R loss 
in the electrode. The total electric resistance R is: 


R 




dx = il^ax) dx = X 
0 



absohms (21) 


That is, the total resistance of the electrode with an electric 
resistivity varying in the manner assumed, is the same as that 
of an electrode having the same dimensions, and a constant re¬ 
sistivity equal to the arithmetical mean resistivity of the first. 
The total joulean flow is then, with T = 0: 


+ = P^X (1 + av) 


abwatts (22) 


In (15), first put T = 0; == 0; and then T— 0, x = X, 




A 


s V 


o, 


03 


A 


S V 


ao(l + 5X) ‘ 5(1 + 6X) 


abwatts (23) 

Ppo ( + 2 9 

X) ip'T 8 ^ 

abwatts (24) 




Adding (23) to (24) and equating to (22), we obtain: 


^4 


P j 6X ^ (4aH - 85 + 3a6X) _ ) 

' (i-j-5v) ( 24 ) 

degrees cent, per cm. per cm. (25) 
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Substituting the above values for A and B in (11) and (15): 




X?) 


X-x \ bX^ {AaA 8b + 2,abX) ,} 


2 (1 + 5 v) ( 


1 


and 


24 

degrees cent. (26) 




_ T s 

~lc 


^ (N .'1 

<^o \ 1 


+ 6v / 


4“ 


P 


Po 


) [ I (““'^6“^- ) ~3^^) + ~{X^-4 x^) f 


5 (1 + 5^) L ( \ 6 

/ ^ ^ \ j bJC^(4:G- {- 8b + ZobX.) 

\ 1 + 6v / ( 


24 


] 


abwatts (27) 


Consequently, substituting x == X and x = 0 successively, 
we obtain after rearranging the terms; 


— 4’x 


T 


Po'f 


abwatts (28) 


— (h =S -JL __j_ ^ Po ^ h\ _ _ 

X uo (1 + 5 v) 5^ 1+ Fv) I ^^ ( 3 ) + ^ 

abwatts (29) 

Equations (26) to (29) contain the complete solution of the 
problem under the assigned conditions. If we assume constant 
resistivities, or a == 6 = 0, they become: 


ab 


'X 


T -l^+P 


9j> ^0 (X-oX 

\ 2 7 


degrees cent. (30) 


9^X — • — + P (v — x) 

<7q ^ 


abwatts (31) 


9^x 


jT J' 

X * (Tn 


P 


Poy 


abwatts (32) 
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— (h = ~ . _L^/ 2 ! 2 ^ abwatts (33) 

X (Jq s 

which correspond completely to the formulas given in Mr.Hering’s 
paper. That is, the total heat flow at the cold end is the sum 
of the furnace flow and half the joulean flow. 

If we retain a in formulas (26) to (29), but put b = 0; ie , 
assume constant thermal resistivity, we obtain: 

i^ = T~+P x^) + ^ [ degrees cent. ( 34 ) 

-<f>x = -J- I f 2 + (V - x) j- abwatts ( 35 ) 

= X ( 1 +JaX) abwatts ( 36 ) 

X <7q S o 

— d>o = “V-^+P — v(l + -lx) abwatts (37) 

Similarly, if we retain b in formulas (26) to (29), but put 
a = 0; i.e.y assume constant electric resistivity, we obtain: 

“ 2 0+ rv ) (i I 

- (rP5v) al>™«s(39) 

=X_£_[- -~ T Po Z _:( ijf-X abwatts ( 41 ) 

X <7o(1 + 5v) ^ 5 (1 + 5 V) V 3 / ^ r 
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Formulas (36) and (37) show that with the electric resistivity 
alone varying, the joulean heat does not divide equally between 
the two ends of the electrode. The part escaping through the 
furnace end is such as would be produced in an electrode of 
uniform resistivity equal to that actually found at distance 
X/3 cm. from X; while the part escaping through the external 
end is such as would be produced in an electrode of uniform re¬ 
sistivity equal to that actually found at distance X/3 cm. from 0. 
With a essentially negative in carbon, the joulean flow through 
the furnace end would be less than that through the external 
end. 

Formulas (28) and (29) may also be obtained in a different 
way, as follows: Referring to Fig. 2, the joulean power developed 
in the element d xis defined by equation (1). This power divides 
into two current elements, one d<^x escaping through the furnace 
end, and the other — d<^Q, escaping through the outer end. 
This division may be expressed: 

d<j) = — d<pQ-\-d(j)x abwatts (42) 

The division is effected in inverse proportion to the thermal 
resistances on each side of the element dx. The thermal re¬ 
sistance 61Q between O and x is: 



thermal absohms (43) 


The thermal resistance (Ax, between x and X is: 




I (X •— ^) H—^ {X'' — :r“) j- thermal absohms (44) 


The total thermal resistance 61 = from 0 to X is 

expressed by (17). The divisional currents are therefore: 


d(f)Q = d<p 


(H. 


X 


61 


d<p -- abwatts (45) 


I p ctx) I (X x() -f" 2 (A x) I* dx (46) 


5X (1 + 5 V) 
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d(j>: 




(a 


= d(j) 


( 


^ I 1 ^—x 


X (1 + 6 V) 


Pp^il-i^ax) I I dx 


sX (l+6v) 


abwatts (47) 


abwatts (48) 


Integrating (46) and (48) from ^ = 0 to rsf = X, we find the 
total currents and as expressed in (28) and (29) re¬ 
spectively, after taking the furnace flow into account as in (18). 

Numerical Example No. 1, with Constant Thermal 

Resistivity, or 6 =0 

We may take as an example a graphite electrode of length 
X = 50 cms. and of uniform cross-section 5 = 100 sq. cm., 
terminating in a furnace with a temperature elevation of T = 
1600 degrees cent. Let us first assume that both the electric 
and thermal resistivities of this electrode are uniform through- 
out its length (a = 6 = 0). We may take the electric resistivity 
as /?== 0.85X10® absohm-cm.* (0.00085 ohm across a block 
1 cm. cube, or 0.000333 ohm across a block 1 inch cube), and 
the thermal resistivity as u = 2.5X10’“'^ thermal absohm-cms. 
(1 degree cent, across a block 1 cm. cube would transmit 1/(2.5 
X lO""^) abwatts of thermal flow, i e., 1 /2.5 watts; or 1 /(2.5 X4.19) 
gm. calories per sec.) 

The steady current strength which will be consistent with the 
minimum waste of heat in this electrode will be, by (33) I = 
245.6 absamperes (2456 amperes), representing a current 
density of 24.56 amperes per sq. cm. The electric resistance 
of the electrode will be 0.425X10® absohms (0.425X10”^ ohm), 
the drop of potential in the electrode 1.044X10® abvolts (1.044 
volts) and the joulean power expended PR = 2.560X10^® 
abwatts (2560 watts). 

The thermal conditions of the electrode are represented in 
Fig. 3, where abscissas along 0 X represent distances, and 
ordinates the temperature to the right-hand scale in degrees cent. 
The thermal current strength is indicated in watts to the left- 
hand scale. The straight line 0 T indicates the temperature 
at different points along the electrode, in the steady state, when 

* The thermal and electric resistivities used in this example are bor¬ 
rowed from Mr. Hering’s October paper. 
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no electric current flows, but the furnace temperature is in¬ 
dependently maintained. The parabola OPX indicates the 
temperature which would be reached, in the steady state, at 
each point of the electrode, if the furnace were cold but full 
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Under working conditions the above two thermal states wonld 
be superposed, and the temperature at each point of the electrode 
is shown by the curve O Q T, which is the parabola O P X super¬ 
posed on the straight line 0 T. 

Again, the furnace temperature elevation of 1600 degrees cent, 
working through the thermal resistance of the electrode (1.25 
XlO’™'^ thermal absohms), would determine a thermal current 


flow of 1600/1.25X10”^ = 1.28X10'" abwatts or 1280 watts, 
which is constant at all points along the electrode, as indicated 


by the horizontal straight line A. B. Again with the furnace 
cold, and the electrode active, there would be no thermal current 
at the middle point V; but there w^ould be a positive, or furnace- 
directed thermal current at all points between V and A”, together 
with a negative, or outwardly-directed, thermal current at all 
points between 0 and U. This condition is represented by the 
straight line A F <T, with 1280 thermal watts escaping from each 
end. In the working condition, the above thermal currents are 


superposed and the total current is represented by the straight 
line D X, with no current in either direction at the furnace end, 
but with 2560 thermal watts leaving the outer end 0. All this 
is in accordance with the principles enunciated in Mr. Hering's 


paper. 

Let us next assume that at the fuimace end, owing to the 


lence of the temperature elevation of 1600 degrees cent., 
the electric resistivity of the graphite electrode is only 64 per 
cent of its value at the outer end; or px = 0.544 X 10" absohm-cm., 
also that the resistivity falls uniformly from 0 to A as expressed 
by the relation a = —0.0072, or — 0.85X10" (1 —0.0072ir) 
absohm-cm. Then if the thermal resistivity remains constant, 
(5 = 0) we find by formula (34) that the furnace temperature 
gradient 0 T Fig. 3 remains unchanged ; but the curve of joulean 
temperature gradient 0 R X is no longer a parabola, but a cubic, 
which reaches its maximum (330 degrees) at A, about 23 cm. 
from 0, the two sides 0 R and A R being dissymmetrical. The 
total temperature gradient in the working state is the broken 
line 0 S T, and is the sum of the broken line 0 R X and the 
straight line 0 T. 

Again, the furnace thermal current through the electrode 
is shown at A B, 1280 watts as before; but the joulean current is 
the broken line E C, with 973 watts flowing out of the furnace 
end, and 1127 wmtts from the outer end. The total thermal 
current in the working state is indicated by the broken curved 
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line H K, with 307 watts escaping from the furnace, and 2407 
watts escaping at the outer end. 

If instead of using the correction formulas (34) and (35), 
we assume a constant electric resistivity at the mean value 
between and px, ot p = 0.697X10^ absohm-cm. (a == 5 = 0), 
then the furnace gradient 0 T remains unchanged; but the joulean 
gradient becomes a new parabola, represented by the dotted 
line 0 RX, reaching its maximum of 328.7 degrees cent, at the 
middle point V of the electrode. The total temperature gradient 
is then the dotted line 0 S T, which differs only very slightly 
from the broken line 0 S T of the correction formula.' Again, 
the joulean thermal current is indicated by the dotted straight 
line e r, intersecting 0 X in V. The flow out of each end of the 
electrode is 1050 watts. The total thermal current in the 
working state is indicated by the straight line h k with 230 watts 
escaping from the furnace, and 2330“ watts from the outer end. 

It is evident that with the electrode dimensions, the I'ange of 

temperature elevation, and the resistivity here assumed, the 

corrected formula only changes the* thermal current by 77 watts 
at each end. 


Numerical Example No. 2, with Both Resistivities Variable 

We may next consider a case in which both the electric and 
thermal resistivities vary. This is represented in Fig. 4. The 
electrode dimensions, furnace temperature elevation, and elec¬ 
tric current strength, are'all taken as in the preceding case - but 
we^assume = 0.85 X 10« (1 - 0.0072 ir) absohm-cm. and 
Ox 2.5X10-^ (1 + 0.01 rs;) thermal absohm-cm., which make 
at the furnace end the electric resistivity 36 per cent less, and 
the thermal resistivity 50 per cent greater, than their respective 
values at the outer end 0. Computing the distribution of tem- 
^^7 thermal current by the correction-formulas (26) 

and (2p we obtain the broken lines of Fig. 4. The furnace 
gra lent IS 0 U T, no longer a straight line, the drop of thermal 
potential (temperature) being greater toward the furnace end 
where the resistivity is greater. The joulean gradient is the 
broken curve O RX, which, being a cubic, is not symmetrical, 
and which reaches a maximum of 405 degrees cent, about 26 cm. 

at°0 S T gradient in the working state is shown 

thermal current A B, Pig. 4, is 1025 watts, uni¬ 
form at all points, and directed towards O. The joulean thermal 
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current is indicated by the broken curved line E c, that leaving 
the furnace at X being 910 watts, and that leaving the outer 
end 0 being 1206 watts. The total thermal current is given by 



electrical and thermal resistivities 


the broken line H k, 115 watts leaving the furnace at X, and 
2231 watts leaving the outer end at 0. 

If instead of using the correction formulas, we take the simple 
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formulas (30) and (31) of constant resistivities - and the arith¬ 
metical mean of each, we have a = 5 = 0, /? = 0.697X10® 
absohm-cm., ^7 = 3.125X10^ thermal absohm-cm. We then 
obtain the dotted lines of Fig. 4. The furnace gradient becomes 
the straight line 0 T. The joulean gradient is the parabola 
OPX with its maximum of 411.0 degrees cent. The total 
gradient in the working state is 0 Q T. 

The furnace thermal current A B is uniform at 1025 watts, 
as in the corrected case. The joulean thermal current is the 
straight line A C, with 1050 watts escaping from each end. The 
total thermal current in the* working state is the dotted straight 
line h K, with 25 watts leaving the furnace at X, and 2075 watts 
leaving the open end at 0. 

The errors due to taking mean resistivities are therefore, in 
this case, 140 watts at the furnace end, and 156 watts at the outer 
end. The magnitude of this error tends, in general, to increase 
with the length of the electrode, the electric current density, 
the magnitudes of the resistivities, their range of variation, and 
the furnace temperature elevation. Considering the present 
imperfection of our knowledge concerning electrode resistivities, 
it will ordinarily not be worth while to take the extra time 
necessary for working out the correction-formulas. In most cases 
the mean resistivities, as used in Mr. Bering’s paper, will give 
satisfactory results. 

If we examine formula (29) and consider what cross-section 
of electrode will minimize the total escape of heat from the 
outer end, we differentiate (29) with respect to s, and equate 
to zero in the usual way. This requires that the first term of 
(29); i e., the furnace flow, shall be equal to the second compound 
term, or joulean flow. Consequently, in the general case when 
both resistivities vary, the minimum heat-waste is found when 
the joulean flow through the external end is equal to the furnace 
flow. This is the same relation as was stated in Mr. Bering’s 
paper. Whereas, however, the joulean flow through the outer 
end was pointed out in that paper to be half the total joulean 
flow with constant resistivities, it is not, in general, half the 
joulean flow when either one or both of the resistivities can vary. 

Within the assumptions to which the above inquiry has been 
confined, Mr. Bering’s first two laws may be amended as follows, 
to meet the conditions of variable thermal and electrical re¬ 
sistivity. 

a. The combined loss through the cold end of an electrode is 
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equivalent to the sum of the loss by heat alone 

(when there is no current) and approximately half P R loss, 

the exact fraction depending on the temperature ooofificients of 
the resistivities. With constant resistivities, the ft"^ction will 
be one-half. 

6. The above combined loss will be least when tho loss by heat 
conduction alone is equal to the joulean loss throxx^l”^ the cold 
end. The total loss will then be approximately ocg.'taal to the 
total joulean loss and very little heat will flow into or out of the 
furnace. With constant resistivities, this resultant fu-xnace flow 
will be nil. 

List of Symbols Employed 
a = the distance coefficient of electrio resistivity 
(I/cm.). 

b = the distance coefficient of thermal resistivity 
(1/cm.). 

A — A an integration constant (degrees cont;. per cm. 

per cm.), 

S = an integration constant (degrees cent, per cm.). 

I == current strength through electrode (aloBamperes)* 
= thermal current in direction 0X1, through a 
cross section of the electrode, at distance 
X cm. from the outer end (abwat-ts) . 

(H = (Rq + CH-x — thermal resistance of the electrorite (thermal 

absohms). 

7? = electric resistance of the electrode (al^sohms). 

p == electric resistivity (absohm-cm.). 

a = thermal resistivity (thermal absohm-om.). 

px = electric resistivity at distance x cm. from outer 
end (absohm-cm.). 

Gx = thenpal resistivity at distance x cm. from outer 
end (thermal absohm-cm.). 

5 = cross-sectional area of electrode (sq. cm.). 

T — temperature-elevation of furnace o^er outer 
end (degrees cent.). 

tx “ temperature-elevation of any poin.1:; on the 
electrode cm, from and above the outerend. 
(degrees cent.), 

V ^ X 12 (cm.). 

X = distance from outer end to a point on the elec" 
trode (cm.), 

X — length of the electrode (cm.). 
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Discussion on ‘‘Modification in Hering’s Law^of Fur¬ 
nace Electodes,” Charlotte, N. C., March 30, 1910. 

Carl Hering: In this very able and interesting paper Dr. 
Kennelly has made a contribution to our useful knowledge 
on this subject, which is of considerable value to us as engineers, 
as he demonstrates that certain correction factors in these siniple 
laws of electrode properties, may be neglected in practical 
work, or if they are to be included then how to allow for them. 

This is of special importance because serious doubt was thrown 
on the usefulness and reliability of these simple laws by criticism 
from certain academical quarters on the ground that the prem¬ 
ises on which they were based did not include an academically 
rigid consideration of the temperature variations of the physical 
constants (which by the way would at present be impossible 
because they are not yet known). None of these academic 
critics however did or were able to show quantitatively that the 
alleged error was really large; they condemned the results of 
this investigation in a wholesale manner, merely because the 
assumed simplified premises were not academically exact; 
although I believe none denied that the results were rigidly 
correct under those assumed premises. 

Dr. Kennelly in this paper has therefore come to the rescue of 
these new laws by showing with the same tools which the academi¬ 
cian is so fond of, that the approximation under more exact 
premises, is very close, thereby assuring the engineer who is 
designing furnaces that he may feel safe to use the laws as based 
on the simple conditions, and that he can safely ignore the aca¬ 
demic opposition to them. 

His paper affords a very good illustration of how the mathema¬ 
tical physicist can perform services of great value to the practi¬ 
cal engineer by solving the more intricate mathematical problems 
and giving the conclusions in simplified and well digested form 
for direct application to practice. This, in my opinion is putting 
mathematics to its proper use, namely, as a tool to produce a 
useful result, as distinguished from a mere form of entertainment 
of those physicists who are more interested in mathematical 
intricasies and gymnastics than in useful practical results. 

Some of Dr. Kennelly’s results confirm in a more positive 
way the more general deduction made in the original paper, 
that as the curve representing the losses is very flat at its mini¬ 
mum point, no gr^at error would be committed, as far as this 
loss is concerned, by any possible and much greater errors in 
the cross section due to neglecting the minor factors like the 
temperature corrections, provided only that the results are some¬ 
where near this minimum point; the simpler formulas enable 
us to get near this point. 

One of his conclusions, namely, to the effect that the conditions 
for a minimum electrode loss and those for no flow at the fur¬ 
nace end, are no longer identical (though still approximately 
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so) when' the temperature variations are taken into consideration, 
has since been confirmed by an entirely different method, and 
therefore appears to be correct even without his simplifying 
premise of a straight line heat gradient in the electrode by the 
ingenious use of which he has succeeded in getting sufficiently 
accurate results in a case in which the rigidly correct solution 
becomes extremely complicated. Even when the rigid solution 
is effected on the basis of straight line laws of variation of the 
resistivities, it is still only an approximation because it is 
known that these variations do not follow such regular laws; 
for graphite for instance the resistivity first falls and then rises 
again hence the variation even reverses; while for carbon we 
know it could not fall according to a straight. line law because 
such a line would when prolonged, give a zero and even a 
negative resistivity which of course would be absurd. 

At first thought it seemed that there might be a mathematical 
inconsistency in assuming as he does, that the heat gradient 
in the electrode during normal operation, is a straight inclined 
line, when it is known that this line must be horizontal at the 
hot end in order to produce the condition of no flow at the fur¬ 
nace end, and really is a parabola. But is seems that this ap¬ 
proximate assumption is made only in so far as it concerns the 
values of the temperature coefficients of the resistivities, and 
no farther. If so, it is not an inconsistency, but merely means a 
a slight error in the form of a small per cent of an already small 
per cent, and therefore can safely be neglected. When an 
assumption of such a nature serves to greatly simplify an other¬ 
wise extremely complex mathematical result, (which another 
investigator abandoned when he found it too complicated to 
integrate) it a'ffords another good illustration of the skillful use 
of mathematics as a tool to arrive at results for use in practice. 

I take pleasure in strongly endorsing Dr. Kennelly’s use of 
thermal resistivities (instead of conductivities) and thermomotive 
forces. I have long used these quantities in my regular work, 
and would like to have used them in my papers, but I feared 
that it would meet with disfavor among many who seem to 
prefer to waste time and brain energy using the more orthodox 
methods than to reduce these personal losses to a minimum by 
using quicker and more direct, though unorthodox methods 
and tools. 

President Stillwell : The opportunity for utilizing elec¬ 
tric furnaces exists only where cheap power is available. 
In the case of these southern rivers, which have so widely 
variable flow, the problem of the utilization of the power 
developed always raises, not only the question of cost of 
development, but also the possibilities of finding a market 
for the power. At Niagara, the company which financed the 
original development was greatly disappointed by the slowness 
with which the market developed. It took a long time to con¬ 
vince the people who used steam power in Buffalo that electric 
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power could be substituted to advantage. At that time there 
was naturally very much greater doubt of the continuity and 
certainty of transmission than there is today. The result was 
that at Niagara a number of electrochemical industries were 
actually developed as a result of the fact that power there could 
be obtained in large quantities at low cost, and today about 
two-thirds of the power which is produced by the Niagara Falls 
Power Company is used in electro-chemical processes, ver}^ 
few of which existed when this power was first made available 
and attention directed to it. 

In certain sections of the south, with its great and compara¬ 
tively undeveloped mineral resources, there are also water 
powers in excess of present requirements for existing industrial 
uses, and we have thought that by directing the attention of 
the southern members of the Institute in these papers to certain 
important fundamental facts relating to the design of electric 
furnaces, some impetus might be given towards bringing the 
metallurgist and the engineer together in this section to the 
advantage of the community. 

I was told recently that the U. S. Steel Company, in the old 
factory of the Washburn & Moen Company, at Worcester, is 
using a very large electric furnace for the production of steel, 
and that notwithstanding the high cost of power at that point, 
the improved quality of the steel, the almost absolute immunity 
from those constituents, such as phosphorus and sulphur, which 
are harmful in steel for most of its uses, justified this compara¬ 
tively expensive method of refining the metal. 
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THE PROPORTIONING OF ELECTRODES FOR 

FURNACES 


BY CARL HERING 


Introductory. The usual rules for proportioning electrodes 
for electric furnaces have been based on such factors as allowable 
current densities, least practicable resistance (hence shortness 
and large section), lowest heat conduction, the summation of 
losses due to the electric resistance and to the heat conduction 
to get the total, etc. 

Believing that these laws were not based on correct principles, 
and W(n*e therefore unsatisfactory and perhaps even misleading, 
and as apparently no one had made a thorough investigation of 
this subject based on unquestioned fundamental laws, the 
writer some time ago made a careful study of the true principles 
underlying the proper proportioning of electrodes, based on 
indisputable physical laws. The results of this analysis showed 
that our Farmer rules were not only entirely inadequate, but were 
in part quite incorrect and led to entirely wrong conclusions. 
And as the value of the annual loss of energy in such electrodes 
is very large, the matter of the con*ect proportioning is of con¬ 
siderable commercial importance as well as of interest to the 
engineer. This analytical investigation was then supplemented 
with an experimental one in which the necessary physical con¬ 
stants and the behavior of different electrode materials were 
determined. 

The pur|)ose of the present paper is to give a general review 
of these investigations from the standpoint of the engineer who 
is concerned with, the proper design and operation of furnaces, 
and to discuss mom particularly the x^T^a-ctical bearing of the 
results of the experimental ])art, including the jumper proper- 
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tioning of the electrodes, the selection of the best material, the 
calculation of the losses, the indications of the faults in existing 
constructions and their remedies, etc. 

Some parts of these investigations have been published or 
are being published elsewhere, to which those interested are 
referred. The present paper will include only a general sum¬ 
mary of these and will discuss more particularly the experi¬ 
mentally determined data not included in the other papers. 

Fundamental principles. The fundamental principle of the 
present analysis of the electrode problem, is that the heat 
gradient at the hot end should be zero; that is, the line repre¬ 
senting it should be horizontal at that end. This means that 
no heat will then traverse through the hot end, either one way or 
the other; hence no heat from the furnace or its products is lost 
through the electrode, and the product can therefore not be 
“ chilled ” by the electrode as has often been found to be the 
case with improperly proportioned electrodes. Such an elec¬ 
trode is a perfect heat insulator, better even than the walls. 

This zero gradient can be obtained only by having the tem¬ 
perature of the hot end of the electrode equal to that of the 
furnace. In the present method this is done by so proportioning 
the electrode that the current through it will raise the tempera¬ 
ture of the hot end to this furnace temperature. 

Although the writer’s first recommendation of this funda¬ 
mental principle was met with scepticism and even ridicule, it 
is now believed to be generally accepted as the correct one. 
One’s first impression, that this would consume much energy, 
is found to be incorrect; the explanation is briefly, that as the 
heat near the hot end has no easy means of escape, (for as it 
cannot get into the furnace it must all flow out at the cold 
terminal) it will rapidly accumulate, so that a small amount of 
energy will soon produce a high temperature. Under simplifying 
assumptions, (and approximately under all conditions*) this 
state of temperature equilibrium, is found to be also the con¬ 
dition of minimum total loss of energy in the electrode. 

Although this way of operating an electrode is quite the con¬ 
trary to that dictated by prior practice, which was based on the 
lowest practicable resistance, it turns out to be the most eco¬ 
nomical, even though it may involve an intentional increase of 
the resistance loss; it is the total loss which should be con¬ 
sidered, as the watts of heat lost either from the furnace or in the 
electrodes cost the same. 

*Metal. & Chem. Engineering, April, 1910, p. 188. 
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Another advantage is that the whole interior of the furnace 
then becomes useful, because a furnace in which there was a 
chilling action around the electrodes, by a mere change of 
proportions of the electrodes, based on this principle, can then 
have its capacity increased to that of its full interior size. 

It furthermore means that all the heat escaping at the cold end 
is then the P R heat. Or inversely, if all the heat escaping at the 
cold end is the total P R heat, and neither more or less, then 
the temperature of the inner end will be that of the furnace, and 
there will be no loss of furnace heat and therefore no chilling. 

It is evident that this condition can be reached regardless of 
how good or bad a heat conductor the electrode material is; 
even with such a very good heat conductor as copper. Hence, 
even without any further analysis, this shows the fallacy of the 
oft repeated and generally accepted statement that a good heat 
conducting electrode material necessarily chills the furnace, and 
is therefore objectionable. It will at once be seen that electrodes 
of good heat conducting materials must simply be made smaller 
in section than others. 

Besides this fundamental principle there are a number of other 
features in which the writer’s conclusions differ very radically 
from our former practice. The second one is in the determina¬ 
tion of the total loss of energy in an electrode. According to 
the usual former practice, as shown in even very recent papers, 
the total loss was assumed to be the sum of that due to heat 
conduction alone and that generated in the electrode itself by 
the current. The writer found that this also was a fallacy and 
was not founded on a correct analysis. The true total is the 
sum of the conduction heat and only half the P R heat, under 
the simplest condition of constant conductivities and no loss of 
heat to the walls. This has since been confirmed by others also 
and is now, it seems, generally accepted. Under the more com¬ 
plicated conditions of varying conductivities, it is claimed by 
some to be only approximately true, but in any case it is much 
more nearly correct than the older method. 

It is easily seen why it should be so. The heat conducted 
from the furnace when there is no current, flows over the whole 
length of the electrode, hence the drop of temperature is pro¬ 
portional to the total fio^; but the P R heat is generated through¬ 
out the whole length, hence is equivalent to the whole of it 
entering at the middle and flowing over only half the length, 
or to half of it flowing over the whole length. Hence as far as 
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the drop of temperature between the ends is concerned, only 
half of that corresponding to the P R heat must be added to that 
due to conduction alone. 

A third point of difference, and one which is still adhered to 
tenaciously by some, concerns the current density. This was 
formerly the basis of electrode design and is still considered so 
by some writers. The present investigation, however, has shown 
this to be a fallacy also. It has shown that the current density 
does not enter as a fundamental factor which determines the 
proportions. Even more than that; to base the proportions on 
current densities may even mislead one into using entirely 
incorrect proportions with unnecessarily large electrodes and 
losses of energy, accompanied by a false assurance that it is 
the best that can be done. It may have been found that when 
certain current densities were exceeded, troubles arose, but in 
the writer’s opinion the mistake made was in attributing them 
to the current densities instead of to the length; it can be shown 
that the same current density will cause the electrode to become 
too hot or too cold, depending upon the length of the electrode. 
And conversely, for a given length a fixed current density pre¬ 
scribed by rule of thumb may be either much too high or much 
too low. Current density cannot therefore be a determining 
factor; it is no more a factor in the proportioning of electrodes 
than it is in calculating transmission lines, and should be aban¬ 
doned the same as it was in the latter case years ago. 

Since the writer pointed this out, a crude attempt has been 
made to defend the older practice by claiming rather vaguely 
that in some way the current density should be modified with 
the length. This is beating around the bush ” and would be 
an unnecessarily awkward and roundabout method, even if 
definite rules which are directly applicable had been given by 
the defender of that method, which was not the case. 

The writer’s conclusions are that current densities need not be 
considered at all as a determining factor, not any more so, and 
perhaps even less so, than in the calculation of transmission lines. 
He has operated electrodes very successfully and with the greatest 
possible economy of power at heretofore unheard-of current 
densities; and he knows of cases in which far lower current densi¬ 
ties were concluded (erroneously) by furnace engineers to have 
been too high. 

The fourth point of difference in the present method is in the 
resistance. The writer has found that the usual rule, to make 
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it as low as practicable, is a mistake. It can be shown that the 
resistance for the most economical operation is not at all a matter 
of choice. It is determined by the conditions of the problem 
and is fixed by the temperature, current and material; it is 
different for different materials; hence to try to make the re¬ 
sistances the same for different materials is improper designing. 

This investigation, of course, applies to the electrode proper, or 
what might be termed the essential electrode, or the chief part 
of an electrode, namely the part which passes through the walls, 
and in which the cooperation of the two heat flows is the govern¬ 
ing feature. Any additional parts within the furnace or project¬ 
ing beyond the outside of the walls, are not theoretically essential 
parts even though they may be very necessary in practice; such 
parts are evidently determined by entirely different conditions 
and considerations and must be treated apart from that portion 
which is absolutely necessary to lead the current from the outside 
to the inside of the furnace. To attempt to combine the various 
parts of such a longer electrode and to treat them as one in an 
analysis for finding out the laws governing the proportions, would 
either be impossible or would at least lead to endless complica¬ 
tions rather than to a simplification. 

Hence throughout the present paper the proportions of the 
electrode and particularly the length, refer to this essential part 
passing through the wall; the prolongations at either or both 
ends, if any, (as for instance the part embraced by the metallic 
terminal, or the extra part allowed for feeding) must be deter¬ 
mined separately, being governed by entkely different considera¬ 
tions. When the metallic terminal surrounding the outside 
end is close against the wall and relatively short as compared 
with the part within the walls, it would probably be sufficient for 
most practical purposes to consider the electrode proper as ending 
at the middle of this terminal. And unless the cooling water 
is very close to the electrode, and the heat resistance between 
the electrode and cooling water is very low, the temperature at 
the virtual end of the essential part of the electrode. will be 
higher, and perhaps considerably higher, than the cooling water, 
hence the drop of temperature in the electrode proper will be 
less; it will be shown below that the hotter the outside terminal, 
the smaller the loss in the electrode. 

This shows the fifth point of difference from our former views. 
Instead of trying to keep the outside terminals as. cool as prac¬ 
ticable, we ought to try so to design them as to let them get as 
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hot as practicable, even to the extent of heating them with a 
blast lamp, when such heat is cheaper than electric heat. This 
will economize power, provided of course that the electric heat 
comes from the electrode proper and not from a poor terminal 
contact. The section of the electrode, however, becomes larger 
by raising the outside temperature. 

A sixth point of difference from former practice which is 
brought out by this analysis is that instead of tending to make 
electrodes large, we should on the contrary try to make them 
small, as they can then be just as efficient; and there may even 
be other advantages also, besides economy of material, terminals, 
etc., in doing so. 

Another complete departure from former methods is in the 
abandoning of the conductivities of the materials as factors in 
calculating electrodes and electrode losses. The writer found 
that the desirable qualities of electrodes do not depend on either 
the electric or the thermal conductivity alone, but on certain 
relations between the two. The analysis shows that our foimier 
deep-rooted conviction that a high heat conductivity is a bad 
feature for an electrode, is entirely wrong. The fact is, that it 
may be a good or a bad quality, depending upon the electrical 
conductivity. Neither alone is a criterion or a measure of ex¬ 
cellence, and to consider them so misleads us. 

In the writer’s method of designing electrodes both qualities 
have been abandoned entirely as a basis of proportioning, and 
they have been replaced by two new qualities which are true 
and correct measures of excellence of those materials when they 
are used for electrode purposes; moreover they greatly simplify 
the calculations. Apparently the only objection to them is 
that they are not yet found in’ that form in tables of physical 
properties; they are however easily calculated from the con¬ 
ductivities, if the latter are known. That they are new and un¬ 
familiar quantities will, it is believed, not be considered an ob¬ 
jection by those who will take the time to understand their 
meaning. 

These two new measures of electrode qualities are the “ elec¬ 
trode voltage ” and the “ specific cross-section ”, these specific 
names having been given them in order to distinguish them 
clearly from other quantities. They are both measures of 
physical properties, quite as much so as conductivities, 
specific heats, specific gravities, etc., and are constants 
for the particular materials; that is, they are independent of 
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the dimensions. The former concerns the power loss and the 
latter the size. The lower their values are the better is the 
material for electrodes. They will be further discussed below. 

Analytical 

In an analytical investigation to determine the theoretical 
relations or laws in a complicated case involving many variable 
factors, especially in an entirely new field, the writer has followed, 
and is entirely in accord with, the teachings of such able authori¬ 
ties as Thomson (Lord Kelvin) and Taite, and doubtless of others 
also; namely, that it is best to solve such a problem first under 
the simplest possible conditions or premises, as a first approxima¬ 
tion, and afterward to consider the refinements (if necessary) 
as a second or even third approximation. An attempt at the 
start to solve the complete problem with all its numerous less 
important refinements, as advocated by some of the writer's 
critics, would be more likely to obscure and lead us away from 
those simple and instructive approximate relations, which are 
often so valuable to the constructing engineer, than to lead us 
toward them and to point them out to us. A minor factor which 
might be absolutely negligible in practical calculations may give 
rise to very great complications in strictly correct algebraic ex¬ 
pressions of a desired relation, thereby completely obscuring the 
more useful approximate one. 

Hence in the present investigation, after a number of trials, 
it was found best first to eliminate all but the main or essential 
factors by limiting the premises to the simplest conditions. This 
made it possible to determine the fundamental relations or laws 
of electrodes, which prove to be very interesting and useful. 
By proceeding in this way, it was found that most, and perhaps 
all, of the more important corrections due to the minor factors, 
like the variations of the conductivities with temperature, could 
be combined into two experimentally determined coefficients or 
constants, and by the use of these in the original formulas, all 
the important, and perhaps even also the unimportant correc¬ 
tions can readily be included. A method was then devised by 
the writer for determining these constants experimentally, and 
was carried out by him; the results will be given below. This 
combination method is believed to be a simpler and more 
practical way of solving the complete problem with all its 
intricacies, than the purely analytical one, which even if it were 
completed, could not be used in practice until certain extended 
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experimental determinations had been made, as no one has yet 
made them. As the present method of using the simplest pos¬ 
sible formulas and embodying all the correction factors in two 
experimentally determined constants, seems to be not only 
simple but even more accurate and reliable than the other more 
complicated method would be, it is believed that the necessity 
for the other solution and for the long series of experimental 
determinations, which it is based upon, no longer exists. 

The premises of the present simplified analysis are: that the 
cross-section is uniform; that the two conductivities have the 
same values over the whole length; that the electrode is 
heat insulated except at its ends; also that the Thomson effect, 
the skin effect, and other similar minor factors are neglected. 
Under these premises the following relations are rigid and exact, 
and may therefore be called the laws of electrode losses. 

Laws of electrode losses: 

a. The combined loss through the cold end of an electrode is 
equivalent to the sum of the loss by heat conduction alone (when 
there is no current) and half the P R loss. 

b. This combined loss will be least when the loss by heat con¬ 
duction alone is made equal to half the P R loss; the total loss 
will then be equal to the P R loss, and no heat will be conducted 
from the interior of the furnace. 

c. This minimum loss is dependent only on the material, 
current and temperature, but not on the absolute dimensions; 
it merely fixes the relation of the cross-section to the length, but 
leaves a choice of either; hence 

d. For economy of electrode material the length should be 
made as short as practical considerations permit. 

e. For each material there is a definite minimum loss of elec¬ 
trode voltage which depends only on the temperature and is 
independent of the dimensions or the normal current for which 
the furnace is designed; hence 

/. The best possible electrode efficiency for any material may 
be determined from the total voltage of the furnace and this 
minimum voltage due to the material and the temperature, and 
is independent of the dimensions. 

g. The temperatures indicated by the heat gradient of the 
combined flow are equal to the sums of those of the individual 
flows. 

The proof of these laws is given in a paper by the writer on 
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“ Laws of Electrode Losses in Electric Furnaces and need 
not be repeated here. 

The starting point is the fundamental princi[>le, first announced 
by the writer a year ago as the proper one, nanu-ly. that no heat 
should leave or enter tiie furnace through the eleetrodi* or in 
other words, that the heat generated by the electrical resistance 
shall raise the temperature of the hot end to that ui tin- furnace, 
it is shown that under the given eunditions this is also the con 
dition of least total loss. 

ll'u«s, a nieaxure of fUnv of livul. before giving the fonniilas 
the writer <lesires to e.xplain that it is quite eorreet, and it 
simplifies such caleululions greatly, l<i represent ami measure a 
flow of heat in tenns of the electric unit watts, instead of in 
calories per second. A watt is just as correct a measure of a 
flow or current of heat (calories jht sectMul), as an anti>cre is for 
measuring a flow of electric current in couU»mhs per sectmti. 
Heat is energy, and a rate of fhtw of heat jjer secoml is power, 
hence it is measurable in units of imwer like watts. Since the 
writer called attention to this, others have endeavored to impnwe 
matters by calling this unit " watt .seconds fier secontl ", but 
this cumbersome name is entirely unneces.sary and t»bscures 
rather than simplifies our concetttions, U is evident tliut 
watts X socomis + seconds •» walls. When the lieut con¬ 
ductivity of a material is given as 10 watts for an inch etibe, it 
simply means that with one <legrec cent. difTereiice of ttmiperature 
between two parallel sides, anrl perfect heat insulation on the 
other four, the same amount of energy will flow through as heat, 
say into water at the; cohl end, as wouhl enter the water from a 
coil of resistance wire in which 10 watts were being set free. 

In the following, therefore, all flows of heat will be represented 
in watts, and it is recommended that in future all thermal con¬ 
stants pertaining to electrodes lie given in terms of watts instead 
of calories per second. The conversion factors arc: gram calories 
per second x 4.18617 — watts, anfl wattsX 0,288882 « gram 
calories per second. 

Formulas. The following formulas are the same whether 
inches or centimetres are used, {>rovided they arc employed con¬ 
sistently throughout, including all those constants which are 
based on dimensions, and which of course will be different; those 
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erms of actual units and may therefore be used directly in prac¬ 
tice. They refer to one electrode. 

Let S == cross-section in square inches; 

L = length in inches (the essential length); 

I = current in amperes; 

IV = watts generated electrically in the electrode; 

H = heat flow in watts which would flow if there were 
no current; 

h = heat flow in watts which enters the hot end from the 
furnace; 

X = total heat flow in watts leaving the cold end; 

T == temperature drop in centigrade degrees between the 
hot and cold ends; 

r = electrical resistivity in ohm, inch cube units; 

k = thermal conductivity in watt, inch cube units; 

e — electrode voltage in volts; 

E = total voltage between the two ends, or the watts per 
ampere; 

5 = specific cross-section in square inches; 

S' == section in square inches per ampere per inch of 
length (or in sq. cm. per ampere per cm. length if the 
other quantities are in terms of centimetres). 

In general, the flow of heat in watts at the cold end is 


X - H + W-^2 


and entering at the hot end 

h = H-W~^2 


in which 


H=kTS^L 


and 


W = rPL^S 


( 1 ) 

( 2 ) 

(3) 

(4) 


The total flow out of the cold end will be a minimum when 
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Representing this minimum flow by m X, then 

mX = 2H =^W = 1 V2krT = / ^ Vj (5) 

this it will be seen does not contain either 5 or L, which means 
that this is the same for all dimensions; it includes the condition 
however that the ratio of the section to the length is 

S^L = I\/r-^2kT (6) 

which means that either the length or the section may be made 
anything one desires, provided only that the ratio is equal to the 
above. As the length is usually fixed by other conditions this 
formula is best written 

S - J L VrTYkf (7) 

The electrode voltage is 

e — \/2k r (8) 

and the total voltage is 

' E = V2krT = eVf (9) 

both of which are seen to be independent of the dimensions or 
the current, the' electrode voltage being even independent of 
everything except the properties of the material, and hence itself 
a physical constant. This means that for every material there 
is a fixed and definite voltage for one degree which voltage 
is the same no matter what the size of the electrode or the normal 
current, provided only that it is correctly proportioned so that 
no heat flows through the hot end. 

Conversely, the total voltage E being known, a convenient 
way is at hand of finding out whether the hot-end temperature 
of the electrode is that of the furnace or not, as this voltage might 
be measured without much difficulty during the operation of 
the furnace; if the measured voltage is found to be less, the 
electrode is chilling the furnace, if greater, the electrode is getting 
hotter within the wall than it is in the furnace. 

The electrode voltage is that physical constant which is a true 
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measure of the loss of power in an electrode. When multiplied 
by the square root of the temperature drop and by the current, 
as shown in (5), it gives the minimum loss in watts which can 
possibly be obtained with that material, for that current and 
temperature. Hence if its value is known, it is not necessary 
to know the two conductivities in order to calculate this loss of 
power. 

The quantity E is measured directly in the experimental de¬ 
terminations described later; hence it is known for each tem¬ 
perature and material. Substituting its value (9) in equation 
(5) gives 

mX = IE (10) 

That is, the minimum loss in watts may be determined directly 
by multiplying this value of E by the current; hence the voltage 
E may be called the “ watts per ampere 

This shows the simplified method suggested by the writer, 
for calculating these minimum losses. It consists in tabulating 
for each material the values of E for different temperatures, 
as obtained directly by experiment (by the method described 
below); then for any given case, in which of course the current 
and temperature are given, one needs merely to multiply the 
corresponding value of E by this current to get the result. This 
is so simple that it can often be done mentally. The values of 
the conductivities need therefore not be known. 

Returning to formula (7), if /, L and T are made unity, that 
is, for 1 ampere, 1 in. length and 1 degree cent, of temperature, 
the resulting cross-section, now represented by 5, becomes 

s — \/r^2k (11) 

This the writer proposes to call the “ specific section ”, because 
it is a physical property of the material, as its value, like that of 
the electrode voltage, depends only on the relations of other 
physical properties. It is a true measure of the size of an elec¬ 
trode, of course always under the condition that the electrode 
operates as was specified. This quantity therefore is the mate 
to the electrode voltage and determines the size just as the 
latter determines the loss. 

Now let S' be another quantity so that 


5 ' = s-hVT = Vr^2kT 


( 12 ) 
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It will then be seen that in the same way and for the same 
purpose as was described above for E as compared with e, it 
is possible to determine by direct measurement (by the method 
described below) the values of this quantity S' for various tem¬ 
peratures and for each material. When these values are tabu¬ 
lated it again becomes an extremely simple matter to calculate 
the proper cross-section, because 

SOILS' (13) 

e 

that is, one needs merely to multiply this value of S' from the 
tables by the current and the length to get the actual cross- 
section. This quantity 5' is therefore here termed the “ section 
per ampere per inch of length Hence this calculation is 
also reduced to a surprisingly simple one, provided these tabu¬ 
lated values are at hand. Such a set of values of both 5' and E 
is given below in Table II. 

When S' is not known, then 

5 = ILs-hVT (14) 

It will be seen that again the two conductivities drop out and 
need therefore not be known. In the absence of these tables 
the values of c and 5 should be used. If they too are unknown 
the mean conductivities must be resorted to. If in turn these 
electrode means are not known and the conductivities at the 
specified temperature are known, the mean values must first 
be determined from them. If these conductivities vary greatly 
with the tempei'cLturc, a closer approximation could be obtained 
by taking into consideration the mutual effects of these varia¬ 
tions on each other and on the mean, as described later in the 
discussion of the experimental results. 

In rhis connection the "writer desires again to call attention 
to ilie fact on which particular stress was laid in his first published 
description of his method, and which fact has been entirely 
ignored by the critics, that the cuiwe of the combined losses is 
quite flat at its minimum point. This means that a considerable 
error can be made in the cross-section without affecting the power 
loss appreciably; for instance in a certain case an error of 10 to 
20 per cent in the cross-section near the minimum point pro¬ 
duced an error of only 1 to 3 per cent in the loss. Hence great 
accuracy in determining the values of these conductivities is 
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not required for engineering purposes, even though to the phy¬ 
sicist these slight variations produce great complications in the 
algebraic analysis. The degree of complication produced by a 
factor in a rigid mathematical analysis is no measure of its real 
importance. 

Another reason why great accuracy in the values of these 
conductivities is not necessary for engineering purposes is 

that they both occur under the square root sign in the formulas 
used for electrodes (5) and (6); hence if one of them, as for 
instance the thermal conductivity which is the one least best 
known, is four times too great, the I'esult will be only twice too 
great. 

Various other relations exist between these old and new 
quantities which at times are of interest and use. They are 
easily deduced and are therefore merely summarized here. 

^ = I^WVf ( 1 ^) 

e = r-f -5 (16) 

5 = e-^2 k (17) 

Mean values and equivalent electrodes. All the above is based 
on the premise that the temperature variations of the physical 
constants may be neglected; this so greatly simplifies the formulas 
and relations that the numerous useful and interesting results 
given above, are obtained. They would certainly not have been 
brought to light from the extremely complicated relations which 
result when the temperature variations are introduced alge¬ 
braically. This is the reason why the writer prefers the 
method of studying a new problem by means of simplified 
assumptions first, leaving the corrections due to small variations 
to be introduced afterward as a second or third approximation, 
if 'indeed such accuracy is necessary in calculations of furnaces 
which unlike dynamos, transformers and other electrical ap¬ 
paratus, cannot possibly be built or operated under very exact 
specifications. Hence great accuracy in the present investiga¬ 
tion is merely of academic rather than of engineering interest. 

In the complete form of the method as described by the writer 
in the original paper on this subject and repeated here, the 
variations of the conductivities are taken care of very effectively 
and no doubt more effectively than by intricate calculations, 
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by determining the constants under the very same conditions 
lender which they are to be used. This point was also over¬ 
looked by the critics. It embodies the desired correction factors 
ixi the constants themselves, hence they need no further atten¬ 
tion. Even if the values at specific temperatures are known, 
which is not the case for carbon and graphite, the writer doubts 
very much whether the final results calculated from them by 
rneans of the more involved and decidedly more complicated 
algebraic relations, would prove to be as close to the actual as 
they are when determined by the present extremely simple 
xxiethod. 

In the present method the values of the conductivities and 
other deduced factors obtained as will be described, are the 
xneans peculiar to electrode conditions. What they really repre¬ 
sent are the values of another or equivalent electrode the conduc¬ 
tivities and other properties of which are the same as these 
xnean values, and are constant from end to end, that is, they are 
independent of the different temperatures along the electrode. 

Such an equivalent electrode will as a whole operate in exactly 
the same way, and hence, as far as the flows of heat at the two 
onds are concerned, it is theoretically identical. It differs how¬ 
ever in the shape of that part of the temperature gradient which 
is intermediate between these two end points. Hence, whenever 
this intermediate heat gradient is concerned and only then, 
one must consider the nature of the temperature variations. 
This will be shown below in the discussion of the experimental 
results. 

A brief summary of the discussion which has taken place 
concerning this and other features of the writer’s method, will 
he given at the end of this paper. 

Experimental 

Most engineering calculations of structural work are based 
on the physical properties of materials often called “ constants ” 
even though their values vary somewhat; the proper designing 
of electrodes is no exception. When not done in this way it 
hecomes a process of more or less skillful guessing which ought 
not to be called engineering. Until these constants are deter¬ 
mined, calculations based on them of course cannot be made. 
At the time when the present investigation was begun some of 
the necessary physical properties were either not known at all, 
or known only very vaguely and indefinitely; this refers chiefly 
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to the heat conductivities. No particular need for them had 
existed, but since it had become possible to calculate electrodes 
on a rational basis, the need of these constants was felt. The 
writer therefore undertook a determination of them for graphite, 
carbon, iron and copper. The tests Avere made in the well equipped 
Electrical Testing Laboratories in NeAV York City. 

The method used was the one suggested in his recent paper on 
“ A. New Method of Measuring Mean Thermal and Electrical 
Conductivities of Furnace Electrodes.”* It is based on the 
same fundamental principles and formulas as those of this 
analysis. Briefly it consists in effect in operating a pair of elec¬ 
trodes under conditions approximating as nearly as possible those 
under which they should (according to this analysis) be operated 
in practice, namely that the electrodes shall not chill the furnace; 
or more scientifically speaking, that the heat gradient at the 
furnace end shall be zero, represented by a horizontal tempera¬ 
ture line, in which case there will be no flow of heat into or out 
of the furnace through the hot end of the electrode. 

While thus operating, the current, voltage and cold tempera¬ 
tures are carefully measured for various furnace temperatures. 
The heat flow is by this method measured electrically in terms 
of watts before it is heat, thereby avoiding the necessarily 
cumbersome and often inaccurate measurements of flows of 
heat in the form of heat. From the data obtained the mean 
thermal and electrical conductivities or resistivities and several 
even more important constants are calculated by the formulas 
given, which are practically the same as those in which they 
are afterwards used to calculate other electrodes. Further de¬ 
tails are given in the' above mentioned paper. 

The method therefore amounts to measuring the constants of 
an electrode under actual operating conditions, and when these 
conditions are what they should be in practice. Hence it is very 
direct and does not involve any questionable process of de¬ 
termining the constants under one set of conditions and applying 
them to entirely different ones. The only important difference 
between the conditions of the test and those of the subsequent 
application of the constants, is in the dimensions of the electrodes. 
These constants are specific quantities; that is they are reduced 
to values per inch or centimetre units, hence they apply 
equally well to large or small electrodes, if minor effects, such 
as the differences in the ratio of the surface to the volume, are 

*Trans. Amer. Electrochem. Soc. Voh 16, p. 317. 
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neglected. If further proof of this is necessary, it has been 
furnished by Dr, E. F. Northrup, who in an unpublished article 
has demonstrated that even under the complex conditions of 
the operation of electrodes, it is strictly correct to apply the 
constants obtained by this method to electrodes of different 
lengths or cross sections or both, provided that the temperature 
conditions at the ends are the same, and that the heat insulation 
is also relatively the same.* 

The constants given by this test are the mean values for the 
electrode as a whole and when operating under the proper con¬ 
ditions. The conductivities thus obtained are not necessarily 
the arithmetic means of those at the ends or even the averages 
taken at equally spaced distances. They are means peculiar 
to operating electrodes, and their relations to the end values or 
to the mean of the values at equally spaced distances, are differ¬ 
ent for different materials. For this reason the writer has pro¬ 
posed the term “ electrode mean ” to designate them. They are 
the correct mean values to be used in the formulas determined 
by the present analysis, and as it would be difficult to calculate 
them accurately from values like those given in the usual tables, 
for different specified temperatures (if such values existed for 
electrode materials which they apparently do not), they are best 
determined experimentally by a direct method like the one 
described, if indeed it is not also an easier and more reliable 
method than those formerly used; it gives the proper mean 
values directly, while the other methods do not. While great 
accuracy in these constants is seldom if ever necessary in prac¬ 
tice for calculating electrodes, it is desirable, to use them in an 
investigation like the present, in which comparisons and other 
deductions are to be made and in which the behavior of electrodes 
is to be studied. 

The reasons why these mean values are peculiar to electrodes, 
will be best seen below. 

This phase of the subject is discussed more in detail in an 
article published elsewhere.f It will be sufficient to say here 
that these means depend upon the distribution of the heat in 
the electrodes; that is, on the temperature curve. This is dif¬ 
ferent for different materials and depends on the joint coopera¬ 
tion of both the electric and the thermal conductivities, because 
each affects the other. These means are in fact the values of an 
equivalent electrode which as a whole would operate exactly 

*Trans. Amer. Electrocliem. Soc. Vol. 17, 1910, p ‘'^15 bottom. 

fMetal. & Chem. Engineering, March, 1910, p. 128. 



502 


HBRING: FURNACE ELECTRODES 


[March 30 


like the original one, as explained above. Hence in the present 
method these differences in the temperature curves are elimi¬ 
nated as far as the action of the electrode as a whole is concerned; 
they need be considered only in connection with the relations 
between the electrode and the surrounding furnace wall. 

The details of the determination of these constants are de- 
scribed in a paper to be read before the American Electrochemical 
Society at its Spring meeting*. The purpose here is to compare 
and discuss the results, and to endeavor to point out what they 
teach us. It will be sufficient to say here that the tests were 
made with care; the results, as far as they go, are believed to be ' 
reliable and even more accurate than is required for most practical 
purposes. Sets of measurements were made for each of several 
temperatures for each material, and the final result of each run 
is an average of a number of very closely agreeing sets of read¬ 
ings. The furnace temperatures were kept constant for periods 
of about 10 to 30 min. to within about 1 per cent and generally 
considerably less, it being an important feature of this test to 
reach the stable state of temperature. 

The iron and copper electrodes were run to as near their melting 
points as practicable. The iron had unfortunately been in- 
jured slightly by an accidental excessive temperature prior to 
the last test, near its melting point, hence the values at the 
highest temperature are not as closely accurate and reliable 
as the others, but they are probably not far wrong. The same 
was the case with the highest temperature values for graphite. 
Allowances for these have been made in the curves. Less care 
was taken with the lower temperature values as they were of 
less importance. 

Above about 900 degrees cent, the graphite and carbon elec¬ 
trodes began to be affected presumably by the gases in the granu¬ 
lar insulating material, (magnesite), probably by the CO from the 
incompletely calcined carbonate. The results beyond that 
point were therefore thrown out, and those near it may not be 
quite correct. 

The full lines in the accompanying curve sheets represent the 
ranges over which the results were actually measured; the dotted 
lines are exterpolated and therefore are only probable values. 
These exterpolated values were added here with some hesitancy 
as the writer is well aware of the possible danger in relying on the 
extensions of formulas and curves beyond the actual measured 
ranges. In the present case however the several curves for each 

*Trans. Am. Electrocliem. Soc., Vol. 17, 1910, p. 151. 
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material are linked by fixed relations, hence it is not like simply 
prolonging individual curves; an incorrect extension of one 
curve will be likely to show on the others, and perhaps in an 
exaggerated form. For this reason the extension of each one 
aids in determining the extensions of some of the others. They 
are therefore probably more nearly correct than mere unguided 
and independent extensions would be; in fact it seems likely 
that these fixed relations are far better guides for these ex¬ 
tensions than the curvatures of the known parts of individual 
curves. 

In all these curves the exterpolated values were checked at 
2000 degrees cent, and 1400 degrees cent, by these relations, and 
whatever differences were found were distributed over the 
curves where they corresponded best with the curvatures of the 
known parts. A second approximation was thus obtained and 
this was again adjusted, and so on until a final agreement was 
reached. This care was taken because at present there exist 
no reliable data concerning these mean values for those tern-. 
peratures, and it was thought that the exterpolated values were 
at least better than none at all, as they were not likely to be far 
wrong. They are offered here merely for what they are worth 
and nothing more. The tests for determining these constants 
become tedious for the higher temperatures on account of the 
oxidation or other forms of deterioration of the carbon and 
graphite, and the melting of the metals. It may therefore be 
some time before the tests are repeated for those temperatures. 
Until then these exterpolated values may perhaps be of some 
service. Attention may here again be called to the fact pointed 
out above, that the curve of minimum loss is rather fiat at the 
minimum point, hence quite a large error in the correct propor¬ 
tions will give rise to only a small one in the energy loss; close 
accuracy in the constants is therefore not necessary. 

There may, of course, be radical changes in these physical 
constants at the melting points of the metals, and at some points 
at which carbon may change its condition. These cannot be 
predicted. The present extensions are all based on a regular 
continuation of the measured relations. 

Although all the electrodes were very nearly | in. in diameter 
they differed slightly, hence for comparing them more correctly 
with each other, the results have here all been reduced to a 
diameter exactly of f in. For the same reason they have also 
all been reduced to a constant cold terminal temperature of 
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100 degrees cent, by adding or subtracting the required amount to 
both temperatures. The error involved in doing this is no doubt 
absolutely negligible for the present purposes. The data were 
obtained from electrodes 8 in. long measured between the furnace 
end and the furnace side of the water-cooled terminal. 

When the method described in this paper is used for calculating 
electrodes, the important physical constants in these determina¬ 
tions are the electrode voltage and the specific section described 
above, and others related to them (E and 5'). The two con¬ 
ductivities are then eliminated as separate quantities and need 
not be considered. They have nevertheless been included in the 
following curve sheets as matters of interest and of use in 
studying the subject. The original measured data, namely the 
current and volts have also been added; after reducing the 
former as described; they lead to interesting and valuable de¬ 
ductions. 

As the current densities in some of these runs were extra¬ 
ordinarily high, it may be of interest to add here that the elec¬ 
trodes behaved very well, so well in fact that the writer would 
not hesitate to use such extreme current densities in regular 
practice under the proper conditions. The results prove his 
contention, which has been disputed by others, that the current 
density is absolutely no factor in the determination of the 
proportions of electrodes. As the curves for the values of the 
current densities would be exactly like those for the current-, they 
have not been repeated on the curve-sheets. 

Experimental data. The experimental results and the de¬ 
ductions calculated from the data are given in the accompanying 
Table I which explains iiself; the exterpolated data are given 
in italics so as to distinguish them from the others. 

In order to compare and study these data more readily, they 
have been plotted in Figs 1 to 11. In Figs. 1 to 4 the properties 
are compared for each of the materials, while in Figs. 5 to 9 the 
materials are compared under each of the properties. In Figs. 10 
and 11 the two most important of these properties are compared; 
they were omitted from the other sheets for the sake of clearness. 

In all the curves the scales give their actual values and not 
merely relative ones; hence as these scales are very different for 
the different materials, it is not proper to compare with each 
other the curves of the same property for the different materials 
without making due allowance for the different scales; they may 
be compared directly only as far as percentage differences ar? 
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concerned. In the second group, Figs. 5 to 9 all the results 
of one kind are reduced to the same scales, and may therefore 
be correctly compared quantitatively. 

All these data refer to electrodes when operating under the 
condition that the hot end is raised by the current to the exact 
furnace temperature, and when the electrode, therefore, does not 
abstract any heat from the furnace. The values of all the specific 
properties (resistivities, conductivities, electrode voltages and 
specific sections) are the means under electrode conditions for the 
electrode as a whole; that is, they are the values of an equivalent 
electrode which as a whole will operate like the original one, but 
in which these properties have the same values throughout its 
entire length. The values for the currents,-watts and current 
densities apply of course only to the particular size of the 
electrode tested and will be different for electrodes of other 
dimensions. The voltages, however, apply also to any other 
sizes of electrodes and to any other currents, provided only that 
the electrode is properly proportioned and is operated under 
the normal specified conditions and with the normal current. 

Besides the actual numerical values of the various quantities, 
the point of special interest in this set of curves is whether the 
specific properties (that is, the properties per unit conditions) 
are sufficiently near to constant to be assuihed so in ordinary 
practice, and also whether they rise with the temperature or 
fall, as this makes a difference in their behavior. 

Carbon. Fig. 1. The current curve rises rapidly and nearly in 
proportion to the temperature. This means that changes in the 
current will produce nearly proportionate changes in the hot- 
end temperatures, hence variations in current affect the losses 
considerably, and a current which is considerably greater than 
the normal for which the electrode was designed, will tend 
greatly to overheat the electrode within the walls. 

The watts increase nearly according to a diagonal line, as 
with all the other materials tested, except that for carbon there 
is a more pronounced deviation at low temperatures, which is 
also seen in some of the other curves, indicating that the prop¬ 
erties of carbon follow somewhat different laws at the lower than 
at the higher temperature ; or perhaps, that at the higher tem¬ 
peratures, they follow laws similar to those which other ma¬ 
terials follow at the lower ones. 

The electrical resistivity diminishes, at first more rapidly, 
then less so, tending to become more nearly constant. A de- 
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creasing resistivity means that as the current heats the electrode, 
the heat generated per inch will become less and less at the 
hot end and relatively greater at the cold end, than it was 



Fig. 1.—Electrode properties>fJcarboii„ijiJ'3 , j m 


before; hence the colder half will be heated more rapidly. This 
in turn signifies that the heat gradient will tend to approach a 
horizontal line from the hot end to near^the^cold^one, and 'will 
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then drop suddenly. Or in popular terms, the furnace heat will 
follow the electrode deeper into the walls. This seems to be 
one of the causes of the burning of the furnace wall in high- 



temperature furnaces in whichjcarbon electrodes are used. A 
-..c;=+i\ri-+.v is therefore an undesirable quality for electrodes. 


falling resistivity is therefore 























508 


HBRING: FURNACE ELECTRODES 


[March 30 


A rapidly rising one would be far better; this is the case with iron. 

The thermal conductivity increases (it does not decrease as 
has been claimed by others) at first more rapidly, then less so, 
also tending to become more nearly constant. The surprisingly 
high values for the mean thermal conductivities are no doubt 
explained by the fact that the electrical resistivity falls quite 
appreciably with an increase of temperature. This in an elec¬ 
trode means that the larger half of the heat generated in the 
electrodes will be produced in the colder half, hence nearer the 
outlet, as explained above; it therefore has a shorter distance to 
travel in order to get out. The mean effective thermal con¬ 
ductivity calculated from the heat which flows out and from the 
dimensions of the electrode, will therefore be increased, and will 
even be larger than an average of that taken at equally spaced 
points. But the value obtained in these tests is the real one 
which is wanted, as it is the one which applies to the electrode 
as a whole; it is the value which an electrode of uniform con¬ 
ductivities would have, which, as a whole, would operate like 
this one. This unequal distribution of heat in electrodes will be 
discussed by the writer more in detail in an article to be published 
else where.The difficulty in calculating the mean from in¬ 
dividual values lies in not knowing the heat distribution, that 
is, the temperature curve; also in the fact that these individual 
values for different temperatures have not yet been determined. 
The writer for these reasons recommended the present method 
as the more direct one by which to get the final results in the 
form in which they are wanted. 

A rising thermal conductivity is an undesirable feature for 
electrode materials, as it tends to force the higher temperatures 
nearer to the colder end. Carbon unfortunately combines this 
feature with a falling i-esistivity, both of which conduce to the 
same undesirable result. 

The curves for carbon furthermore show that the electrode 
voltage, which is a true measure of the power loss, also increases 
with the temperature, but the rate is slower and slower, tending 
to constancy. It will be shown later that there are reasons to 
believe that it may even reverse again and fall at still higher 
temperatures. The loss in carbon electrodes therefore increases 
not only with the temperature, but also per degree of tempera¬ 
ture; at least for these ranges. The chief conclusion, as far as 
our present knowledge goes, is that probably no great error would 

*Metril. & Chem. Engineering, March 1910, p. 128, 
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be made by assuming this important quality to be practi¬ 
cally a constant, namely about 0.065 volt. 

The specific section, which is a true measure of the size of an 
electrode, decreases rapidly at first and then more slowly, show¬ 
ing that carbon electrodes become relatively smaller for the 
higher temperatures; they are even smaller per degree at the 
higher temperatures. This is a good feature, and especially 
so for carbon because such electrodes are much larger than those 
of other materials, as will be seen later. 

The electrode voltage and the specific section, are properties 
of the material, just as the specific resistance is, and if their 
values are constant or virtually so, calculations are simplified. 
The curves show that for most purposes in practice they may be 
assumed to be virtually constant for the higher values of this 
range of temperature. 

The curves of the total voltages and of the actual size of the 
electrodes, being the ones which are the most important in prac¬ 
tice, have for clearness been drawn apart from the others and 
will be discussed below in connection with Figs. 10 and 11. 

The comparison of the quantitative values of the properties of 
carbon with those of other materials, is best made later in con¬ 
nection with Figs. 5 to 9. 

Graphite. Fig. 2. The current curve rises more rapidly at 
first than for carbon, and in this respect graphite apparently 
possesses properties more like those of the metals. After this 
rise at the lower temperatures, it seems to approach more nearly 
to, a straight line. The inclination of the latter part is less than 
for carbon,which indicates that for the same proportionate change 
in current the change of temperature produced thereby will be 
greater for graphite. From this it would appear to follow that a 
graphite electrode is more sensitive to changes of current than 

is one of carbon. 

The curve of watts is practically a diagonal line, which shows 
that the watts lost in a given electrode will increase very nearly 
in proportion with the temperature drop, due to the current. 

The mean electrical resistivity decreases slightly at first, an 
then seems to tend to constancy, at about 0.00031 in inch units 
(0.00081 in cm. units). It varies considerably less than for 
carbon, therefore the heat generated in the electrode will show 
a tendency to be more evenly distributed along the length, 
although the greater half of the P R heat is as in carbon, gen¬ 
erated‘in the colder half of the electrode. Hence graphite stands 

between carbon and the metals, 
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A comparison of these mean values with those obtained by 
others when the whole rod is at the same temperature is of in¬ 
terest. It shows that these mean values are higher than the 
arithmetical means between the two extremes. This appears 
to be due to the fact that owing to a more rapidly decreasing 
thermal conductivity, the heat is forced back toward the hot 
end by the changes in thermal conductivity, more than it is 
forced to the cold end by the changes in the electrical con¬ 
ductivity. The result is that the average between the extreme 
temperatures would be greater than the actual; hence the mean 
resistivity found in these tests should be greater, which is the 
fact, if these data are correct. This places graphite among the 
metals in this desirable quality of forcing the heat back to the 
hot end. 

The curve for the thermal conductivity shows that it falls 
as has already been stated. In this feature graphite differs 
decidedly from carbon (for which this curve rises) and is like 
the metals. The thermal conductivity falls more rapidly at 
hrst and then displays a tendency to become more nearly con¬ 
stant. Its rather high value is due partly to the falling electrical 
resistivity, as was explained above for carbon. It will be seen 
below that this brings its mean value even above that of iron, 
which has a rapidly rising resistivity. 

The electrode voltage falls slightly, but seems to tend to what 
for all practical purposes may be assumed to be constant at 
about 0.040 to 0.045 volts. As this is a measure of the loss, it 
follows that the loss per degree diminishes slightly with the 
temperature instead of increasing, as it does with carbon. Graph¬ 
ite, therefore, is relatively to the temperature, more economical 
of power at higher temperatures than it is at the lower ones. 
This is due to the somewhat rapidly falling thermal conduc¬ 
tivity. 

The specific section is practically a horizontal line, and conse¬ 
quently may be assumed to be constant at about 0.0070 in square 
inches. This means that the size of the electrode relatively to 
the temperature is practically the same at high and at low tem¬ 
peratures ; it does not decrease per degree, as with carbon, but even 
at the higher temperatures it is srill much smaller. These com¬ 
parisons are best seen below in other sets of curves. 

Iron. Fig. 3. The current curve shows a marked peculiarity 
in that it is practically a horizontal line, differing radically in 
this respect from carbon and graphite. This is due no doubt 
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to the very rapidly rivsing resistivity. As the hot end becomes 
hotter the resistance rises so rapidly that it cuts down the current 
again. Such an electrode is therefore nearly self-regulating for 
a constant current. A slight increase of current causes a very 
great rise in temperature. This fact was not fully realized during 
the progress of the test, in which the current was at one time 
raised too high, which apparently melted or perhaps even 
volatilized the hot end; this occurred before the run at the 
highest reading, hence the values obtained for the last point 
are not as good as the others, and were given less weight. After 
the test bar had been removed it was found that it had been 
melted at the hottest point and had even partly disappeared. 
This must have happened before the last run was taken, as that 
was still below the melting temperature. Anyone who repeats 
this test should be very careful to increase the current but very 
little at a time, and should not try to hasten the time of reaching 
the steady state by a temporary excessive current. 

This peculiar property of iron, to change greatly in tem¬ 
perature with slight increases of current, also interfered with the 
intention to avoid the region of the recalescent point, about 
700 degrees cent., as it was to be expected that the electrical and 
thermal conductivities might also take part in the peculiar 
physical pranks which iron plays at that temperature. It is 
doubtless due to this recalescent point that the curves are not 
as regular as are those of the other materials. They have a 
noticeable hump at about 700 degrees cent. But notwithstanding 
these disturbing factors, the general trend of the curves enables 

instructive results to be deduced. 

In the exterpolated (dotted) parts of these cuives, it has been 
assumed that the laws of variations continue to be about the 
same. It is not unlikely, however, thac with materials which 
melt, like metals, as distinguished from carbon and graphite, 
there may be decided changes of these physical properties ^^t the 
melting point. This can be determined only by experiment, 
and tests with molten columns the cross-section of which must 
remain constant, become difficult. Moreover, unless they were 
made on a large scale they would be seriously interfered with by 
the so-called “pinch effect”, which would break the column 
unless it was very securely confined. Under the circumstances 
the exterpolated values may be of at least temporary use until 
someone has made the actual tests. But it should be remem¬ 
bered that they are nothing more than exterpolations. 
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The curve of watts is as usual virtually a diagonal 
Th^ electrical resistivity rises greatly, and roughly in a straight 
line with only an indication that the rate probably falls at higher 



temperatures. This rapidly increasing resistivity is a very 
desirable feature for electrodes, as it forces the heat back to the 
hot end, as was explained above. 
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The thermal conductivity falls, which is also a desirable feature. 
It is of interest to note that for iron both conductivities vary in 
the desirable way, while for graphite only one does (the other 
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to be practically constant at about 1.9 to 2.0 in watts, inch cube 
units. 

It will be noticed that the mean thermal conductivity is less 
than that of graphite. This may not agree with comparisons 
of the usual constants at specified temperatures; the explanation 
of the difference unquestionably lies in the fact that the heat is 
forced to the hot end more in iron than in graphite, as has been 
explained. The greater part of the heat having to travel a 
greater distance to get out, an iron electrode is rendered equiva¬ 
lent to one having a lower conductivity than the iron has at those 
temperatures. 

Owing to this combined falling conductivity and rising re¬ 
sistivity, it seems that the temperature curve for iron must fall 
quite rapidly at the hot end and then approach the horizontal 
for the greater part of the length. This confines the high tem¬ 
peratures to the end near the furnace where they belong. It 
moreover has a tendency to make the temperature gradient in 
the electrode more like that in the walls, which signifies that 
little or no heat passes from one to the other. But one of the 
most important results is that when there is an excessive cur¬ 
rent, which tends to heat the electrode within the walls to a 
higher temperature than that of the furnace, this high tem¬ 
perature point will be very near the furnace, far nearer than 
it would be for carbon, for instance. 

The electrode voltage rises quite decidedly. This means that 
iron electrodes are relatively less economical in power at the 
higher than at the lower temperatures; there are no indications 
of a constancy of the value of this property within these ranges. 

The specific section also rises at about the same rate, showing 
that the size also becomes less favorable at the higher tem¬ 
peratures. 

The test bars were cold rolled, mild steel. 

Copper. Fig. 4. The tests with the copper electrodes were 
the best of the series. ' This was due partly to the fact that the 
currents, being very large, were better adapted to the output 
of the dynamo; partly to the fact that copper had a thermal 
conductivity so very much better than that of the surrounding 
heat insulating material, that the proportion of the loss to the 
surroundings was least; and lastly, because it was the last test 
of the set and the writer was enabled to embody the experience 
gained in testing the other materials. 

The current curve rises extremely rapidly at first and then 
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apparently tends rapidly toward the horizontal; it seems to be 
similar in shape to the one for iron at lower temperatures. It 
therefore appears that this shape may perhaps be characteristic 
of the metals. The last point was very near the melting point. 
hence the exterpolated values are based on the possibly incorrect 
assumption that no radical changes take place in these prop¬ 
erties at the melting point. 

The curve of watts is again practically a diagonal. 

The electrical resistivity rises very rapidly and in virtually 
a straight line; copper resembles iron in this property, and the 
resistivity rises even slightly more rapidly in percentage. What 
was said about iron in this respect applies therefore also to copper. 
The heat will again be forced to the hot end. 

The thermal conductivity also falls, as in the case of iron, 
only to a greater degree. This and the rising resistivity should 
make copper a very suitable electrode material for the tempera¬ 
tures for which it could be used. 

The electrode voltage rises in almost a straight line propor¬ 
tion. So does the specific section. It is therefore like iron in 
these respects. 

Comparisons, In all the above curve sheets the scales were 
chosen as large as the space permitted, hence they are all dif¬ 
ferent. In order to compare the different materials with each 
other quantitatively all the curves for each property have been 
redrawn to uniform scales in Figs. 5-9. 

Current. Fig. 5. These curves explain themselves. They 
show that at about 1500 degrees cent, a graphite electrode will 
carry over 3 times as much current as will one of carbon of the 
same size; iron will carry over twice as much as graphite or 
nearly seven times as much as carbon; and copper is enormously 
better than any of the others, its current capacity being about 
45 times that of carbon or 14 times that of graphite. With 
what losses these electrodes carry these currents will appear 
later. 

The curves also show a tendency to become horizontal. The 
actual numerical values refer to f-in. round electrodes and to no 
others, although relatively the currents would always have the 
sarne ratios. 

Current densities. The cross-sections in all the test rods being 
the same, these curves also represent the relative values of the 
current densities. The actual values are given in Table I. 
Some of them will be seen to be exceedingly high. 
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Fig. 5.—Current for different materials 
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Watts. Fig. 6. The curves for all four materials are seen to be 
nearly diagonal lines, indicating, that the watts increase nearly 
in proportion to the temperature required. In order to show how 
little they differ from the true diagonals, the latter have been 
added as thin lines to the last points. The difference is greatest 
with carbon. It can be shown that in so far as the real curve 
differs from the exact diagonal, in so far does the thermal con¬ 
ductivity vary from a horizontal line, that is, from constancy; 
if these curves approach the diagonal more nearly for the higher 
temperatures, as they seem to, it means that the thermal con¬ 
ductivities approach constancy for those higher temperatures. 

Moreover if the bend is above the diagonal as it is for copper, 
graphite and iron, it signifies that the thermal conductivity falls, 
while if below, as for carbon, it rises. Furthermore, it can be 
shown that the thermal conductivity is proportional to the 
tangent of the angle which the diagonal to any point makes with 

the horizontal. 

Further than this, the curves should not be compared, as they 
might mislead. Quantitatively they refer only to those particu¬ 
lar electrodes | in. in diameter, and to no other size. While the 
watts lost for copper are very much greater than for carbon, the 
current delivered was also far greater, and the relative loss was 
far less than for carbon. This is shown better in the later curves. 

Electrical resistivity. Fig. 7. These curves show strikingly 
the quantitative relations, it being nearly impossible to show 
copper and carbon on the same sheet. A low electrical re¬ 
sistivity is a desirable quality in electrodes, both in economy of 
power and in the economy of materials. It shows why copper 
is so very much better than carbon, when it is possible to use it. 
Iron is near copper, and graphite is much nearer the metals than 
carbon. A rising resistivity is a good feature while a falling 

one is a bad one. ^ ' 

An interesting point is that the line for carbon falls rapidly, 

that for graphite also falls but very slightly, while those for the 
metals rise. Their relative inclinations make it appear as if 
they tended to meet at some very high temperature in a common 
point somewhat below graphite, at which point they would all 
have the same resistivity., At 1400 degrees cent., the relative val¬ 
ues are about: copper 1, iron 10, graphite 72, carbon, 340. 

Thermal conductivity. Fig. 8. The thermal conductivities 
differ far less than the electrical resistivities; moreover the usual 
order is here reversed, graphite being now next to copper. They 
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again all seem to tend to meet in a point, this time iron being 
the more central one. The relative values at 1400 degrees cent, 
are about: copper 1, graphite 0.34, iron 0.22, carbon 0.17. It 
may be repeated here that a falling thermal conductivity is a 
good feature and a rising one is a bad one; also that a high thermal 
conductivity reduces the size of an electrode but increases the 
loss; hence it is a good or a bad quality depending upon which 
of the two economies one desires. There are other properties 
which are better measures of excellence of an electrode material; 
they will be discussed below. 



Electrode voltage. Fig. 9.' This is the specific property which 
is a true measure of the minimum watts lost in an electrode, when 
it is properly proportioned. Its significance has been described 
above. 

The curves are shown in thin lines. They all show a tendency 
to rise except for graphite which alone possesses the good 
property of a falling curve. As all these specific quantities 
seem to tend to meet at some very high temperature, it may be 
that carbon which is the only exception, will also fall again at 
higher temperatures, as indicated. 
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Iron is now nearly as good as copper and much better than 
graphite, although the difference seems to gro-w less at higher 
temperatuies. The lines for graphite and carbon depart at 
first, but then remain nearly parallel. The relative values at 
about 1400 degrees, are about: copper 1, iron 1.5, graphite 5, 
carbon 7.5. 

Specific section. Fig. 9. This is the specific property which is 
a true measure of the size of an electrode, when properly pro¬ 
portioned, Its significance has been described above. The 
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curves are shown in heavy lines. They all tend to rise except for 
carbon; and again they seem to tend to meet. Copper as usual 
makes the best showing, and graphite is nearer the metals in 
this respect than it was for the electrode voltage. Carbon is 
far from the others, showing that such electrodes must be made 
very much larger. For about 1400 degrees cent, the relative 
values are about: copper 1, iron 6.6, graphite 14.6, carbon 45. 

These two qualities have been drawn on the same sheet to 
facilitate comparisons. Carbon electrodes are seen to be both 
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large and wasteful of power, those of graphite are much smaller 
and while they consume less power, the difference is not as great 
as that in the sizes. Copper is best in both respects, and iron 
comes next in both qualities, being also better in both than 
graphite, particularly in the economy of power. 

Actual losses and sites. Figs. 10 and 11. The “lectrode volt¬ 
age and the specific section are the two physical constants which 
the writer suggests using instead of those formerly employed. 
Like most other physical constants they vary somewhat with 
the temperature, though some of them only very slightly; but 
they nevertheless belong correctly under the heading of physical 
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Fig. 8.—Mean thermal conductivities for different materials 


constants, which can for many calculations be assumed to be 
constant, or have the differences allowed for, just as is done with 
resistivities in ordinary electrical conductors. 

But as was explained above, the usually required calculations 
may be considerably simplified and reduced to a mere simple 
multiplication, by using instead a tabulated set of numbers. 
These are no longer constants ” in the usual sense of the 
term, because from their very nature they must have greatly 
different values for different temperature ranges, although for 
some materials and ranges the curves representing them are 
very nearly straight lines. 

If, therefore, the designer has such a table of values at hand, 
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he will no doubt prefer those values to using the physical con¬ 
stants. These two sets of figures give the watts per ampere, 
and the square inches of section per ampere per inch of length, 
for each temperature. Hence to find the minimum loss in watts 
for any given material and temperature (the cold terminal tem¬ 
perature being 100 degrees cent.) one merely multiplies the corres¬ 
ponding number of watts per ampere ” from the table, by the 
current in amperes, while to find the proper section in square 
inches it is necessary only to multiply the corresponding “ sec¬ 
tion per ampere per inch length ” by the current and the length 



Yig, 9.—Electrode voltages and specific sections 


in inches. The calculations are so simple that they may in 
many cases be made mentally. These values are given in Table 

II and are shown graphically in Figs. 10 and 11- 

As shown above, the watts per ampere are in fact merely 
the voltages (in volts) between the two ends of an electrode when 
operating under the condition in which there is no loss of furnace 
heat. Hence these are not deduced figures, but are actually 
measured during the test, (being half the measured voltages of 
the two electrodes), while the figures for the sections per ampere 
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per inch length are merely the cross sections of the test rods 
divided by the length of the electrode (half the length of the 
double ones used in the test) and by the current. 

It will be seen therefore that it is not at all necessary to de¬ 
termine or even to consider either the electrical or the thermal 
conductivity in electrode problems, if these simple data are at 
hand. And the writer’s conclusions therefore are, that as 
little or no reliable data of any kind exists for the higher tempera¬ 
tures, and must therefore be ascertained, it is much simpler to 
determine and use these two new factors, instead of determining 
and using the mean conductivities. It is also infinitely simpler 
than the former method of determining the conductivities at 
each of various temperatures and then by means of more or less 
complicated and approximate formulas calculating the final 
results, with the uncertainty involved in all approximate al¬ 
gebraic deductions in which we do not always know how much 
the originally small, allowed errors may be magnified during the 
algebraic processes. 

The writer’s present method goes directly from the experi¬ 
mental result to the desired application in practice, without 
involving any assumptions other than that the relative distribu¬ 
tion of the heat in the electrode for any given material and end 
temperatures, is the same for all cross-sections and lengths, 
(which is believed to be exactly correct under the assumption of 
no heat loss to the walls), and that the relative heat 1 )ss to the 
walls, whatever it may be, is approximately independent of the 
lengths and sections, (which is known to be not exactly true but 
probably sufficiently so for all practical purposes). 

It should be noticed that no assumption is made that the heat 
loss to the walls is the same for all materials; on the contrary it 
will be different, perhaps appreciably so because, as was seen 
above, some materials (like carbon) have the property of forcing 
the high temperature toward the cold end, while others (like 
iron) force it back to the hot end. For this reason the tempera¬ 
ture gradients will be quite different in the two cases, and the 
loss to the walls, if it is large enough to be considered at all, 
will therefore be different for different materials; but in the pres¬ 
ent method this difference is taken care of in the tabular data, 

and needs no further consideration. 

The curves for these two final quantities are given apart from 
the others in Figs. 10 and 11. In Fig. 10 they have been drawn 
to different scales so that they are nearly superimposed, thus 
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enabling their relative inclinations or percentage values to be 
compared better with each other, while in Fig. 11 they have all 
been drawn to the same scale, so that they may be compared 
quantitatively. 

In Fig. 10 it will be seen that the curves E, which measure the 
minimum loss, or the watts per ampere, all have a family re¬ 
semblance, except in the case of graphite; in fact with slight 
changes in the scales, those for iron, copper and carbon may 
nearly coincide, except at their lower temperature values, and 
this difference may be due to the experimental determinations 
which were not carried out quite as carefully at the lower tem¬ 
peratures for carbon and iron, as for copper. Even graphite 
might perhaps be brought into line by a change in the horizontal 
scale, which would mean that the temperature would have to 
be multiplied by a coefficient, or have a different exponent. 

This family resemblance, and the fact that all these curves 
must have a zero and an infinite value, of course suggest the 
possibility of a common formula for all, differing only in its 
coefficients. But this is beyond the purpose of the present paper; 
the results obtained in this interesting direction will be made 
the subject of another discussion.* 

The marked difference of the graphite curve means that the 
losses in graphite electrodes do not grow as rapidly with the 
temperature as they do for all the other materials. This, of 
course, is a very good quality, especially for high temperature 
furnaces. For all the others the relative increase of this loss 
is about the same. It is of interest to note that copper and 
carbon, the two extremes in all other comparisons, are here very 
nearly alike in their percentage variations. 

A comparison of these same curves E in Fig. 11, (the heavy 
line curves) shows the quantitative relations of the actual 
losses per ampere. The much greater loss for carbon is quite 
striking; but of course there are many cases in which metals 
are excluded by the very nature of the furnace. Consequently, 
tempting as it may be, the good quality of the metals cannot 
be taken advantage of. The relative values at 1400 degrees cent, 
are about: copper 1, iron 1.5, graphite 5, carbon 7,5; the same, 

of course, as for the electrode voltage. 

The loss for carbon is seen to be 1.55 times that for graphite. 
This is interesting in view of the claims that have been made 
that graphite is more wasteful of power than is carbon, even “ten 
times as bad. Hence either the experimental data on which that 
*Trans.~Am^^ Soc., VoL 17, p. 171. 



HERING: FURNACE ELECTRODES 


525 


1910] 

result was based were in error, or the method of deducing the 
result from them was incorrect; or else the curves change very 
radically at the higher temperatures, which seems hardly likely. 

If the present exterpolations are correct, this difference m tav 
of graphite becomes even greater at the higher temperatures. 

Returning to Fig. 10, the thin line curves S' (the section per 
ampere and per inch) will also be seen to have a family re¬ 
semblance, and as they also must have values for zero (10^ 
grees in this case) and infinity, the possibility o a gen 
equation differing only in coefficients or exponents, suggests 

itself for this relation also. 

If equations can be deduced for both S' and E, it will e p 
ble to calculate both the conductivities from them, as one is pro¬ 
portional to the product, and the other to the quotient, of e 
conductivities. The coefficients for S' and E are, of course 
determined experimentally, as in the present case and the 
conductivities will therefore be functions of these coefficien s. 

The exception in the S' curves is iron, but m general the two 
metals are similar to each other, as are the two non-metals, the 

two pairs differing somewhat. , r -i 

Comparing them quantitatively in Fig. 11, the family rese - 

blance is again apparent, the curves being evidently asymptotic 

to both ordinates, care being taken to deduct the 100 degree 

cent, for the cold terminal temperature. 

Carbon electrodes are again shown to be far larger than the 
others. The relative values at 1400 degrees are about : copper 1, 
iron 6.6, graphite 14.6, carbon 45, the same as for the speci c 
sections. In this feature graphite is more like the metals and 
differs more from carbon than in the losses. e s^ ion 
carbon will be about 3 times that for graphite. This i- 
ference in size, however, seems to diminish for higher tempera- 
tures, if the present exterpolations are correct. ^ 

Comparing both these important factors, it will be seen t a 
graphite is better than carbon in both loss and sme, especia y 
in size. Copper is best in both and carbon worse m^ both, whi 
iron is closer to copper in both than it is to graphite. 

This final comparison is shown in a practical way m t ig. _ , 

in which the sizes and losses in electrodes of the different ma eria s 
are drawn to scale for a given case, in which the curren is 
assumed to be 10,000 amperes and the end temperatures 1400 de- 

grees cent, and 100 degrees cent. j: .« 

In the first set, to the left, the length is made the same for all, 
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namely 10 in., hence the sections will be different, and in the 
proportions of 1, 6.6, 14.5, and 45, the same as above given. 
The actual sizes in square inches are: copper 1.38, iron 9.16, 



Fig. 10.—Losses and sizes; superimposed 


graphite 20.1, carbon 62. It will be seen that the proportions 
for carbon are practically impossible. 













1900] 
.00181 


HERING: FURNACE ELECTRODES 


527 


WATTS PER AMPERE, E 

SECTION PER AMPERE PER INCH LENGTH, 


.003/ 


^ I 3.0 


.0014 


.0013 


.0012 




.0011 


. 0010 ' 


.0009 


.0008 




msssmmmBBamm 

- ms 


.0007 


,000(5 


.0005 


,0004 


.0003 


. 4 I 

.000^ V- 


,0001 ]r-^ 


01.... 

o 


■Huhhs 






)pg_^ 


-IRPN- 


SQ. INbHlS, COPPER, 


Fig. 11. 


TEMPERATURE C.° 

-Losses"and sizes; samev scale 







528 


BERING: FURNACE ELECTRODES 


[March 30 


In the second set, to the right, the cross-section is made the 
same, the lengths being then different. They are in inches; 
10, 1.51, 0.69, 0.22, dividing which by 10 gives their relative 
values based on copper. That for carbon is again impossible, 
as are also those for graphite, and perhaps iron. 

The losses in kilowatts per electrode are indicated by the 
lengths of the heavy black lines, which of course apply equally 
well to either of the two sizes for the same materials. They are 
in kilowatts, about: 23.6, 15.2, 4.6 and 3.1, or in the ratio of 
7.5, 5.0, 1.5 and 1. 

When the ratio of the section to the length is a constant, as 
in this case, the length increases more rapidly than the diameter. 
Hence to give the carbon electrode a suitable shape for handling, 
it must be made still larger, and considerably so. In comparing 
practical electrodes this feature should be considered, and it 



H COPPER I O O I 

SAME LEN.GTH SAME SECTION 

Fig. 12.—Comparison of sizes and losses 

will increase still more the difference between the sizes of the 
carbon and the others. When finally the volumes are figured 
out, the differences will be found to be very great. But even 
when thus correctly proportioned the losses will still be much 
. greater for carbon, as they are the same for all sizes, provided 
the relation of the section to the length is the same. 

It is evidently not proper, as has been claimed, to lengthen 
the carbon electrode of the section shown, so as to give it a 
better shape, and to think that this merely means a small sacri¬ 
fice in efficiency. Such a lengthening will evidently result in 
developing a high temperature within the walls, higher and per¬ 
haps much higher even than the furnace temperature. This 
would be likely to burn out the furnace wall, which would be 
fatal to successful operation. If it is made smaller and shorter 
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the proportions will be still worse, as is ill the upper right 
hand illustration. Consequently there nothing left to do 

but to make it much larger and longer. 

This brings out another wrong deduction which has been made 
by others, based on the former incorrect rules. Suppose the 
carbon electrode in this Fig. 12 had been made with the same 
section but 20 in. long; it is evident from the results of the 
present analysis that a high temperature point, higher than that 
of the furnace, and probably very much so, would develop at a 
point somewhere between the furnace, and a point 10 in. from the 
cold end, because 10 in. is the correct length for that section. 
This would burn out the walls. The conclusion drawn from our 
former ideas was that the current density was too high, when the 
fact is that the electrode was too long for that section. The cur¬ 
rent density had nothing to do with the failure, because if the 
electrode had been made half as long instead of as long again, 
it would have been too cold and would have chilled the furnace, 
although the current densities were the same. Furthermore if 
the electrode had been made half the section and length shown 
in Fig. 12, it would have operated properly even though the 
current density had thereby been doubled. The current density, 
therefore, was not the cause of failure; it has often been made re¬ 
sponsible for faults which were really due entirely to errors in 
the length. 

Summary 

The final results of this rather lengthy investigation are 
briefly as follows, as far as they interest the designer. 

The underlying feature is that the electrode shall not chill the 
furnace, nor develop a high temperature point within the walls 
at which the temperature is greater than in the furnace. Hence 
the hot-end temperature should be as nearly as practicable equal 
to that of the furnace. 

The current and furnace temperature are always given in the 
specifications. The material and either the length or the section 
(but not both) may also be specified, but preferably all three 
should be left to the designer. The voltage and loss cannot be 
specified, as they are determined by the current, temperature and 
material. 

The length (that is, the essential length, not including addi¬ 
tions to either or both ends for other purposep than to get the 
energy through the walls) may be determined solely by the thick¬ 
ness of the furnace walls; but as this affects the cross-section, 
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some latitude should be left in case the corresponding section 
is found to be too large or too small to be practicable. 

The section in square inches is then determined at once by 
multiplying the proper temperature value of 5' from Table II 
by the current in amperes and by the length in inches (formula 
13). If this is too large or too small to be practicable, the 
length may be changed and the section may be re-determined. 
The quotient of the section divided by the length is a constant 
for any specified conditions, (numerically equal to S' from the 
table multiplied by the current) hence they may both be in¬ 
creased or decreased in the same proportion. 

Should this table of values not be available and the specific 
section be known, formula (14) should be used for calculating the 
section. If this is also not known, then use the conductivities 
in formula (7). Great accuracy is not necessary when one is 
near the correct result, as an error in section near that point 
produces a relatively much smaller error in the loss. 

The loss in the electrode in watts is entirely independent of 
the section or length adopted, provided only that their quotient 
is approximately as above. It is calculated in watts by multiply¬ 
ing the corresponding temperature value of E in Table II by 
the current (formula 10), If this table is not available, we may 
use the electrode voltage in the last part of formula (5). If 
this is not available either, then use the conductivities in the 
preceding expression of formula (5). This loss is for one electrode 
and it is the least possible under those conditions. 

When the current for a furnace varies appreciably, the cal¬ 
culations must of course, be made for some assumed normal 
value, remembering that whenever it is less than that, the elec¬ 
trode will chill the furnace more or less; and whenever it is 
greater the electrode will get hotter within the walls, and in 
both cases the total loss will be greater. 

In operating a furnace, if the electrode is found to chill the 
product, it is either too short, or too large in section. If on the 
other hand it is found to produce excessive temperatures within 
the walls, it is too long or of too small section. The current 
density is not a determining factor. 

The hotter the outside terminal is allowed to get, the smaller 
the loss, but the larger the section or shorter the electrode. 

When the proportions turn out to be large in section and short 
in length (as for instance with carbon for large currents as in 
Fig. 12) the relative proportions may be improved by increasing 
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both length and section. On the other hand, if the electrode 
is abnormally long and small in section (as for instance with iron 
or copper and small currents) then if the section cannot be made 
smaller, there seems to be nothing left to do except to sacrifice 
some of the loss by making the electrode shorter and it will then 
chill the furnace more or less. 

The additional lengths of the electrode necessary for the 
terminals, for feeding, or for the distribution of the current in 
the inside, must be calculated separately, as they are determined 
by entirely different laws and conditions; the above refers only 
to the essential part which is necessary to get the current into 
and out of the furnace as well as possible. The above length 
must therefore never include the long external part outside the 
furnace, for feeding purposes. Such a part radiates heat to the 
air and therefore follows entirely different laws of proportions. 
A redeeming feature of such a case is that the outside tempera¬ 
ture used to determine the proportions of the essential part, may 
be allowed to be very high, probably limited chiefly by oxidation 
thereby reducing the total loss which has been increased by the 
long external part. 

Summary of previous discussions. The description of this new 
way of attacking the problem of the proportioning of electrodes, 
given by the writer briefly in May, 1909, and more in detail in 
October 1909, has given rise to long discussions and attacks. 
Some of the purely technical parts were of interest and value and 
will be summarzied briefly below. The rest of the discussion 
is ■ of no general interest as it consisted of the usual unsub¬ 
stantiated claims of priority made by those who suddenly found 
that they had known it long ago but had not given their knowl¬ 
edge to others or used it themselves. It contained also the 
assertions of those who claimed, after the method was described, 
that it was obvious though this had not occurred to them before; 
also the statements of those who maintained that on account 
of some academic minutia it was obviously fundamentally in¬ 
correct, although they could not substantiate their claims 
with actual figures; and the assertions of others who thought 
that the results were of no value because the necessary physical 
properties of the materials were then not yet known; etc. 

Gne of the parts of the discussions which was of value referred 
to the magnitude of one of the corrections to which reference 
was m^de in the original paper, due to the simplified premises. 
This correction referred to the effect of the variation of the 
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conductivities with temperature, and therefore is in the nature of 
a refinement or second approximation. Another important 
part was an ingenious graphical method devised by Dr. A. E. 
Kenn^lly,* for representing and studying the relations of the 
quantities involved. 

Concerning the temperature correction, Dr. Kennelly has 
shown in a very able paperf that under certain approximate 
premises, this correction is zero w-hen the electrical resistivity 
varies according to a straight line law (the thermal one being 
constant). The correct mean value then is the arithmetic mean 
between the two extreme values at the two end temperatures. 
Also that the same is true when the thermal resistivity alone 
varies in this way. Also that when both vary in this way, the 
total loss is least when half of the heat flow at the cold end 
is joulean heat and the other half is conducted from the 
furnace; the remainder of the joulean heat is assumed 
to flow toward the furnace, thereby tending approximately 
to balance the furnace flow, hence a ** very little heat will 
flow into or out of the furnace.'' This means that the condi¬ 
tion of no loss of furnace heat under those approximate premises, 
is only a close approximation to the condition of minimum ]mB^ 
instead of being identical, as it is with constant conductivilscK 

Dr. E. F. Roeberf has attempted the complicated matheraflifiigSiS 
solution of the case when both conductivities vary accords!^ 
a straight line law, and has carried it up to, but not 
the integration. Although this unfinished formula is 
too complicated for use in practice by engineers, it idiow$ ’fliwif 
for given materials at stated temperatures the correc^Kcm factor 
is merely the numerical coefficient, and that the relations be¬ 
tween the variable factors remain the same. Dr. Roeber also 
finds that when the electrical conductivity is constant and the 
thermal conductivity alone varies* by a straight line law, this 
complicated formula, reduces to the simple ort^inal one m the 
writer's paper. Thfe. indicate3S that, it is largely the variation 
of the electrical conductivity which givear^ris®. a. eorrectfeip, 

' ' .I " ■ * -l i 'HWUlIl « ' 

♦Trans. Am. Electrochem. Soc., Vol. 1(1, p. 29^7. 

tA paper “ On the Modifications in Heriug^s Laws of Furnace lEleetrodes 
Introduced by Including Variations in Electric and Thermal Ei^i^vities ♦♦ 
published elsewhere in this volume. 

Electrode Losses in Electric Furnaces,” Trans, Am. Electroph^&m. 
Soc. Vol. 16, p. 363. See formula (5) p. 367. 
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factor, a fact which the writer has since shown in another paper 
in a different way. 

Dr. H. C. Richards* gives a very interesting solution of the 
integration for the complete case when both conductivities vary 
by straight line laws, and gives the first two terms of the series 
of coefficients. This enables the correction factors to be de¬ 
termined, when the conductivities and their variation with 
temperature are known. By means of this interesting solution 
it was shown by the writerf that even for very great variations 
in the conductivities, the corrections on which some of the 
critics based their unsubstantiated claims that the writer’s approxi¬ 
mate formulas were very incorrect and even “ fundamentally 
wrong ”, were in fact quite negligible in practice. 

The writer takes this opportunity to express his appreciation 
of these able mathematical solutions by Dr. Kennelly, Dr. 
Richards, and Dr. Roeber, which show that differences between 
the writer’s simple first approximation of the complete problem 
and the second approximation, are not great, and in part do not 
exist at all. Their work was done before the present experi¬ 
mental determinations had been undertaken, and before some of 
the simplifications described in the present paper had been made. 

Those who, on the other hand, attempted to belittle and dis¬ 
credit the results of this investigation, brought up minor points 
which were either based on an incomplete reading of the original 
paper and are answered in the present paper, or were based on 
academic points which it is believed the practical engineer can 
safely neglect or allow for, as he does in most other construction 
woi^k. The present investigation was made from the stand¬ 
point of the engineer and not from that of the academician or 
the mathematical physicist whose enlargement of negligible 
minutia is apt to obscure the main practical issues; nevertheless 
the analytical part of this investigation is undoubtedly rigidly 
exact under the specified simple conditions. 

It is suggested that critics who endeavor to tear down and 
destroy the work of others by hastily made and unsubstantiated 
assertions, which may prove later to have been unwarranted 
or incorrect, might do some thing which is really of value, by 
devoting their efforts to improvements and further develop¬ 
ments instead of to mere destruction. Before tearing down a 
structure built by others, one should be very sure first that it is 

Trans. Am. Electrochem. Soc. Vol. 16, p. 304. 

t Ibid, p. 310. 
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a dangerous one; if one thinks he can build a better one, then 
let both stand; the fittest will survive in the end without the 
need of the hand of the destroyer. 

As to the usual crop of claimants of priority after something 
has been disclosed, the practice of secreting information of benefit 
to fellow engineers, until someone else has taken the trouble to 
publish it, and then of claiming priority and expecting recogni¬ 
tion, is not in accordance with a high standard of professional 
ethics, and is believed to be more apt to discredit the .claimant 
than to do him credit. Unpublished ideas are of no benefit 
to the profession at large; it is the one who takes the trouble 
to publish them, that aids his colleagues. 
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Discussion on “ Proportioning Electrodes for Furnaces ”, 

Charlotte, N. C., March 30, 1910. 

A, E. Kennelly: Mr. Hering’s paper is of much importance 
both from the practical and theoretical standpoints. In its 
practical aspect, it gives the results of a number of experim.ental 
observations on the behavior of electrodes under furnace con¬ 
ditions. It expresses the outcome of these results in tables for 
easy reference. The numerical bases of these tables are two 
experimentally determined constants for each electrode material, 
—the “electrode-voltage” e, and the “specific section” 5. 

As pointed out in the paper, the “electrode-voltage ” ^ is \/*2~ 
multiplied by the square root of the ratio of the electric to the 

thermal resistivity; while the “specific section” is l/VT 
multiplied by the geometric mean of the electric and thermal 
resistivities. The term “ electrode-wZ^ag^ ” can only be re¬ 
garded as an abbreviation for the unwieldy phrase “ voltage 
drop in the electrode per square root of the temperature drop.” 
Similarly, the term “ specific section ” can only be regarded as 
an abbreviation for the unwieldly phrase—“ cross-section times 
square root of temperature-drop, per ampere, per unit length of 
electrode.” It is evident that these two phrases are too cumber¬ 
some for practical use; and that brief names are necessary, even 
at some sacrifice in verbal precision. 

The advantage of the method of measuring these fundamental 
constants described in the paper is that whatever errors or defects 
may be included in the process, the measurements are made 
under furnace conditions; so that, for practical purposes, the 
data so obtained are likely to be more directly applicable than 
con-esponding more rigidly accurate data, secured by physical 
laboratory methods. 

Whatever refinements in the design of uniform electrodes 
that are uniform, in material and cross-section, may be found 
necessary to meet outstanding sources of discrepancy, such as 
terminal contact-resistance, lateral escape of heat into furnace 
walls, divSintegration of material, and the like, there can be no 
doubt that Mr. Flering’s paper contains the essential engineering 
theory of electrode design. 

It is a remarkable result of the investigation contained in 
the paper that copper is superior to iron, graphite, and carbon, 
as an electrode material, so far as concerns minimizing loss by 
waste of heat. One would naturally suppose at first thought, 
that copper would be the worst material of all for this purpose. 

In its theoretical aspect, the paper also contains much that 
is new and valuable. Very little has hitherto been determined 
concerning the thermal conductivity and resistivity of electrode 
materials at high temperatures, so that the new data are very 
welcome. The values obtained are “ electrode-means ”, as 
that term is defined in the paper on page 301, and are subject 
to the limitations involved by that definition. Nevertheless, 
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since it has been doubtful heretofore as to whether the thermal 
conductivity of electrodes increased or diminished at high tem¬ 
peratures, these pioneer data represent a long step towards en¬ 
lightenment. If even the sign of the temperature variation has 
been in doubt, we need not cavil at any lack of numerical pre¬ 
cision in the newly determined thermal temperature-coefficients. 

In Figs. I, 2, 3, 4, and S of the paper, the electrode-mean 
thermal conductivities of copper, iron, graphite and carbon are 
plotted graphically. None of these curves carry any clear 
graphical self-interpretation. The corresponding numerical 
values of the electrode-mean thermal conductivity k in what may 


m 

S 



be called ‘‘ thermal mhos per cm.” are given in the column 
fifth from the end in Table L If we plot the reciprocals of these 
values, or the electrode-mean thermal-resistivity in “ thermal- 
ohm cm.” as ordinates, against the furnace temperature as 
abscissas, we obtain the graphs of the accompanying illustration. 
It will be seen that the electrode-mean thermal resistivity of 
carbon appears to fall with temperature in much the same general 
manner that its electrical resistivity falls. On the other hand 
iron, graphite, and copper, appear from the results in the paper 
to follow roughly straight-line laws of increase in thermal 
resistivity with temperature. Their thermal resistivity follows 
the course of their electric resistivity in this respect. But whereas 
in the case of copper, for instance, the electric resistivity at 
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2,000 deg. cent, appears in the table as approximately nine 
times the electric resistivity at 0 deg. cent., the electrode-mean 
thermal resistivity of copper is only about 76 per cent greater 
at 2000 deg. cent, than at 0 deg. cent. This means probably 
that the inferred full thermal resistivity is about 150 per cent 
greater at 2000 deg. cent, than at 0 deg. cent. In other words 
the temi3erature-coefficient of increase in thermal resistivity, 
either in electrode-mean or in full, is apparently much less than 
the temperature-coefficient of electrical resistivity. 

It is to be observed that whereas the electrode-mean electric 
resistivity of graphite, as given in Fig. 7, slightly falls off with 
temperature, faintly following carbon, the mean thermal re¬ 
sistivity steadily rises with temperature like iron and copper. 
This latter result is confirmed by some observations published 
by Mr. Flansen on page 351 of Vol. XVI of the Trans. Am. 
Electrochemical Society (1909) for the thermal conductivity of 
graphite between the limits of 37 deg. cent, and 600 deg. cent. 

In the case of iron, we know that the electric resistivity under¬ 
goes marked and sudden variations in the neighborhood of the 
recalescent temperature, a property that is utilized in various 
forms of “ ballast resistance.” This disturbance is suggested 
by the bend in the curve of mean electrical resistivity for iron, 
on Mr. Hering’s Fig. 3, in the neighborhood of 400 deg. cent. 
A corresponding deviation does not manifest itself in the thermal 
resistivity results for iron, if we exclude a particular deviation 
near 900 deg. cent. This is an experimental question that ought 
to be further investigated. If there is no discontinuity in the 
thermal resistivity of iron near recalescence, while there is a 
discontinuity in the electric resistivity, the fact has an im¬ 
portant bearing on the theory of electric conduction in metals. 

The temperature-coefficients of electrode-mean thermal re¬ 
sistivity in iron, graphite and copper appear from Mr. Hering’s 
table to be respectively about 0.022, 0.025, and 0.036 per cent 
per degree cent, from and at 0 deg. cent. Consequently we 
may estim.ate, as a first approximation, that the full thermal- 
resistivity temperature-coefficient would be double the above 
values of 0.044, 0.05 and 0.072 respectively. This is merely 
equivalent to assuming that, as a first approximation the elec¬ 
trode-mean thermal resistivity is the arithmetical mean of the 
thermal resistivities at the hot and cold end of the electrode. 

If my own paper, accompanying Mr. Hering’s paper, had been 
written with these new constants available, the only alterations 
in the numerical examples would have been the substitution of 
a = —0.0032 for a == - 0.0072, the distance coefficient of electric 
resistivity, and the substitution of 6 == 0.016 for 5 = 0.01, the 
distance coefficient of thermal resistivity. That is, one of these 
coefficients would have been reduced, and the other increased. 
The resulting numerical effect would have been comparatively 
small; but the general effect would have been to show still less 
deviation from the deductions of Mr. ITering’s original formulas 
than the numerical examples actually present. 
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Summing up then the results of Mr. Hering’s investigation 
from the above standpoint, we may say that with the exception 
of carbon, all of the materials tested showed at least substantially 
straight-line laws of resistivity, both electric and thermal, all 
the coefficients being positive, except the electric resistivity 
coefficient of graphite. 

E, F. Northrup: Engineering problems may be classed, 
roughly, into thhse which aim to produce a material result for 
the first time, as building a Brooklyn bridge, and those which 
would repeat engineering accomplishments with better economy. 

Mr. Hering’s problem belongs to the latter class. He sees 
that there is an important engineering question to answer, 
which is this: How, with data which can be obtained practically, 
shall the material of furnace electrodes be selected; and having 
this, how shall it be proportioned so that, with the furnace 
temperatures required, the electrodes shall not chill the furnace 
charge while the power wasted shall be the least possible. 

It is not a problem for elegant«mathematical exposition, 
based upon assumptions that thermal and electric coefficients 
vary as idealistic functions of the temperature. It is an engi¬ 
neering problem and its solutions, to be of use, must have a 
form which designing engineers can use. 

The solutions in Mr. Hering’s present paper are set forth in no 
uncertain or vague manner and are so simple in form that 
a tyro may apply them in practice. Mr. Hering has introduced 
for the first time, the conceptions of two new specific quantities 
which attach to all furnace electrodes. One he calls the “ elec¬ 
trode voltage ”, e, the other the “ specific section ”, S. He 
points out by reference to actual experiments and theoretical 
considerations, how these two specific quantities may be deter¬ 
mined precisely by experiments upon small test electrodes, and 
then be used for the calculation of actual large electrodes. 
When these specific properties of electrode materials, gotten for 
various furnace temperatures, are once completely determined 
and tabulated they will have a like value to the designer of elec¬ 
tric furnaces that the specific heat of steam has to the designer 
of engine boilers. 

The subject is important, much has been written upon it, 
and the mathematical point of view has been ably presented by 
several who are masters in this form of treatment. So much 
material has been given us that the important crucial results 
obtained may still remain obscure to. some readers amidst the 
wealth of material that has been presented. These facts are 
made an excuse for presenting my way of looking at what ap¬ 
pears to me the essential aspects of this interesting subject. 

In the accompanying figure the two furnace electrodes A 
and B together with the charge, C, in the interior of the furnace 
complete the circuit from the transformer secondar^q Y. It is 
assumed in what follows, that the furnace has been operated 
until steady conditions obtain—^that is, until the heat supplied 
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to the charge, C, equals the heat lost from the charge, so that the 
temperature of the central zone of the furnace charge is constant 
and has the required value, T degrees. It may be premised 
also, that the thermal conductivity of the electrodes is greater 
than the thermal conductivity of the furnace walls. 

Now conceive that, for a brief time, the electric current is 
shut off. ^ If this time, when there is no current, is taken suffi¬ 
ciently brief we can consider the interior of the furnace as con¬ 
taining an infinite quantity of heat as compared with the small 
quantity which will escape in a brief interval. But in this in¬ 
terval some heat will flow through the furnace walls and some 
through the electrodes. That which goes through the electrodes, 
per unit of section, will exceed that which goes through the walls 


[ommm} 



per unit of section, because of the assumed greater thermal 
conductivity of the electrode material. The heat which flows 
through the walls mu^t be supplied by electric power to the 
charge in the interior of the furnace. To reduce this supplied 
power to the least possible amount involves questions which 
relate to the design of the containing walls of the furnace and 
these questions have no connection with the problem of electrode 
losses. 

Only the heat which goes through the electrodes is an electrode 
loss, which it is our problem to make as small as possible. The 
electrode, to which the analysis should be applied, is not the 
physical electrode, extending from p to q (see illustration) 
but that portion of the electrode / to g which extends the di- 
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tance L, through the furnace wall. Of course there will be losses 
in the exposed portion of the electrode (which should be as short 
as possible) and losses in the contact resistances where the 
current enters; but these losses require separate consideration, 
and in no wise affect the problem of the choice of material and 
the proportioning of the electrode within the furnace wall. 
The electrode, then, to which this and the other treatments given 
should in strictness apply, is that portion which extends from 
the interior to the exterior surface of the furnace wall. 

The treatment of the problem would be unmanageable unless 
it were assumed that the heat which flows through the electrode 
all moves parallel to its axis. This assumption is thought to 
be justified for any engineering requirements for two reasons; 
First, because, when steady conditions obtain, the temperature 
gradient from the interior to the exterior of the furnace wall is 
roughly the same as the temperature gradient along the electrode 
itself. Second, because it is a well known physical fact, that a 
surface of separation between two unlike substances, especially 
if the surface is covered with a thin layer of air, offers a great 
resistance to heat flow. This premised, and being guided by 
Mr. Hering’s analysis, we can reason as follows. The heat-flow 
in watts which would pass through the electrode from / to g, 
when the current is momentarily stopped, would be, 


H = KT (1) 

where T is the temperature difference taken over the length L 
between the points / and g at a very brief instant after the current 
is stopped, and K is the actual thermal conductance of this 
portion of the electrode at the same moment. 

Now, start the current flowing, which has been stopped but 
a brief instant. At the moment that the current is started let 
the ohmic resistance of the electrode between the points / 
and g he R, and, with the current I actually supplied, let the 
voltage drop between / and g be E. Then the watts developed 
electrically in this portion of the electrode will be 



This heat is assumed to escape by way of the ends of the elec¬ 
trode only. As its development takes place along the length of 
the electrode, and is distributed in some unknown manner, it 
will have to traverse, to escape from the ends of the electrode, 
a length which is less than L. Suppose when this flow of elec¬ 
tric heat is taking place the effective thermal conductance of the 
electrode is K\ By the cooling jacket the end, g, of the electrode 
is supposed to be kept at the same temperature, but the heat 
supplied electrically will tend to modify the temperature of the 
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hot end at a point very near this end so that the temperature 
at a point /j, distance d L from f will become, in a brief instant 
after the current is started T±d T. 

Then the electric heat which flows out of the ends of the 
electrode will be (T±dT)y and this must equal the heat 
supplied, if we assume that the current is maintained steady 
until steady conditions of temperature are acquired. Hence, 


£2 

R 


= K' {T±d T) 



Now when all the heat (the current being on) which escapes 
from the cold end is electric heat, no heat will be escaping through 
the electrodes from the furnace and the loss of furnace heat 
will therefore be zero. Now fasten the attention on the 
point /i, distant toward the cold end of the electrode from f 
a very small distance d L. If the voltage E is adjusted so that 
the temperature at the point /i, is T~ a T, there will be be¬ 
tween / and /i, a temperature gradient toward the cold end, 


d T 
d L' 


and some furnace heat will escape from the furnace. 


If 


on the other hand E is adjusted so that the temperature at the 
point /j, is T“h<J T, there will be between and / a temperature 


gradient -h 


d T 

dL 


and some electric heat will flow into the furnace. 


But this would mean that the furnace had not reached its final 
temperature which is contrary to the assumed condition of a 
steady furnace temperature, T. Hence, for no furnace heat 
to flow into or from the furnace, we should adjust the voltage 
until there is no temperature gradient over the small length d L. 
That isd T = 0, and we have from equation 3 for the condition 
of minimum loss of furnace heat, 


E^N^RK' VT 



If the product R K' can be shown not to^ involve the linear 
dimensions of the electrode, then it is a specific property of the 
material of which the electrode is made. To do this write, 


Then 


R.k W,a„d K'-l- la.al 


RK' = [a pm Om\T 


The exact interpretation of these three relations is very im¬ 
portant. The first means that the ohmic resistance of an 
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electrode, when hot at one end and cold at the other, will increase 
with its length, decrease with its cross-section, and be dependent 
upon the average specific resistance of the material which main¬ 
tains when the fall of temperature from one end of the electrode 
to the other is T degrees, the temperature of the hot end being 
the same as the temperature designated by T in equation 4. 

The second means, that the effective thermal conductance of 
an electrode, when heated by an electric current until the 
temperature of its hot end is T, and when all the heat developed 
must escape through the cold end, increases with its cross-sec¬ 
tion, diminishes with its length, and increases with the quantities 
a and <7^- The quantity a, depends for its value upon where the 
center of gravity of the watts developed is located along the 
axis of the electrode. If this center of gravity is located at the 
middle point of the axis a = 2, if located nearer the hot end a 
is less than 2, if nearer the cold end a is greater than 2. K' also 
depends upon the mean specific conductance of the material. 
This is a constant for an electrode of any size and any particular 
material when its terminal temperatures are fixed and are pro¬ 
duced by an electric current in the electrode. With this under¬ 
stood we have by substituting the value of R K' in equation 4, 

E = \/a (t^VT = e\/T (5) 

where ^ Vais the “electrode voltage ” in volts. 

It should be noted here that the smaller is a, that is the 
nearer to the hot end is the center of gravity of the electric heat 
supplied to the electrode, the smaller is the electrode voltage 
required for minimum heat loss. In iron, a would be less than 2, 
in carbon, a would be greater than 2. 

The minimum power consumed is 

IE I eVT (6) 

Again from (4), writing E = I R 

we get PR = K' T or P JLIfl. = j 

S L 

which gives 


S ^ IL 


\/ 


^ Om ‘ Vr 


= ILs 


Vt 



Equation (7) is the same as Mr. Hering’s equation (7) p. 295 
except that the quantity a replaces the factor 2. a will equal 2 
only when the center of gravity of the watts supplied to the 
electrode is at the middle point of the axis and there is no furnace 
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heat flowing. This will be the case generally only when the 
thermal conductivity and the electric resistivity are constants. 


The quantity 5 



what Mr. Hering calls the 


“ specific cross-section ”. It is independent of the linear dimen¬ 
sions of the electrode but is dependent upon its material and upon 
the terminal temperatures being assigned at the time its value is 
determined. Its value will also be different if determined in 
any non-electrical way other than by the method described by 
Mr. Hering. 

The two equations of Mr. Hering (modified here by substituting 
a for the factor 2). 


P 


m 


I \/a (Tm T = I e \/ T 


and 

S ^ IL\/. -L = iLs-^ 

a Gyn V r Vt 


(S) 

(9) 


the first of which enables the minimum power loss to be calculated 
and the second the proper electrode section for minimum power 
loss, I conceive to be the most important theoretical contribu¬ 
tion to this subject. 

Equations (8) and (9) would be useless if the quantities e 
and 5 could not be obtained by experiment. But fortunately, 
Mr. Hering has pointed out, and demonstrated by actual tests, 
that they can be so obtained, and with far more ease and precision 
than their components thermal conductivity, electrical resistivity 
and the center of gravity factor. 

The analytical and mathematical treatments, that others have 
given to this problem, are certainly interesting and valuable in 
enabling the problem to be studied from very varied points of 
view. But the following aspects of these mathematical modes 
of treatment certainly should not go unmentioned. If the thermal 
and electric conductivities are assumed constant, then the most 
elemental physical considerations will lead to a solution without 
any application of the calculus. Such solution, however, is only 
roughly approximate. If these quantities are assumed to vary as 
a linear function of the distance along the electrode, then 
the solution of the differential equation, based upon this as¬ 
sumption, shows that the temperature gradient is not linear 
and hence the original assumption can only roughly represent 
the physical facts—probably no more closely than the assump¬ 
tion of constant specific qualities. If the conductivities are 
assumed to vary as linear or more complicated functions of the 
temperature, the integrations are at best formidable and gen¬ 
erally impossible. An unintegrated differential equation is 
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at the best nothing more than a formal statement, put into 
mathematical form, of an unsolved problem. 

Respecting this view of the mathematical analysis of physical 
problems Fourier remarks, (§13, The Analytical Theory of 
Heat), “ The numerical interpretation of the results of analysis 
is necessary, and it is a degree of perfection which it would be 
very important to give to every application of analysis to the 
natural sciences. So long as it is not obtained, the solutions 
may be said to remain incomplete and useless, and the truth 
which it is proposed to discover is no less hidden in the formulae 
of analysis than it was in the physical problem itself.” 

But suppose one does succeed in writing down and integrating 
the differential equations which express the conditions of the 
flow of heat in an electrode. These equations must involve the 
thermal conductivity varying as a function of the temperature. 
To obtain, then from the integrated equations numerical results 
one must know the thermal conductivity of such materials as 
carbon, graphite, iron, etc., at temperatures from, say, 100 to 
2000 deg. cent. These variable “ constants ” are unknown and 
to determine them by experiment is a far more difficult and un-^ 
certain undertaking than it is to measure directly at various 
temperatures what we want to know; namely, Mr. Hering’s 
electrode voltage, e, and specific section .s. 

It seems to me that there lies here an important line of in¬ 
vestigation, which shall give us the values of e and 5, at tempera¬ 
tures up to the highest employed in electric furnaces of all the 
electrode materials which are likely to be used in these furnaces. 
Mr. Hering worked with thermo couples to measure his tem¬ 
peratures and did not get up very high. His experimental in¬ 
vestigation should be continued, using test pieces of greater 
ratio of diameter to length, larger currents and higher tem¬ 
peratures than he used. These high temperatures might be 
quite accurately measured by placing reliance on Steffan’s law, 
that the total radiation from a black body is proportional to 
the fourth power of the absolute temperature. The radiation 
could be measured with a form of surface bolometer which the 
writer has designed and experimented with. This, after being 
calibrated at moderate temperatures with a thermo couple, 
could be relied upon to give accurate results at the highest 

_ 1 

temperatures. A series of values E = e VT and S' = .s 

could be found thus and tabulated for temperatures exceeding 
1500 deg. cent. These constants given by Mr. Hering in table 
II page 322, are exterpolated values above 950 deg. cent. This 
was the highest actual steady temperature which he measured, 
but a platinum-platinum rhodium couple used in connection 
with a potentiometer could have been used without its destruc¬ 
tion to 1500 deg. cent. Beyond this temperature the radiation 
principle would have to be used, and the results which it would 
give would be as accurate as the higher temperatures of the fur- 
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naces are known, as these can only be determined in the same 
way. 

The writer hopes that this more extended investigation may 
be deemed worth while and he would give it as his opinion, based 
upon considerable experience in making high temperature 
determinations, that results of an accuracy entirely satisfactory 
from an engineering standpoint could be readily obtained in the 
ways suggested. Such an investigation might be carried out 
with much propriety at the National Bureau of Standards. 



A paper presented at the Charlotte meeting o'} 
the American Institute of Electrical Engineers, 
March 31, 1910. 

Copyright 1910 By A. I. E. E. 


PARALLEL OPERATION OF HYDROELECTRIC 

PLANTS 


BY W. S. LEE 


It is the purpose of this paper to sum up in a general way 
some of the advantages to be gained by operating a sytem of 
hydroelectric plants connected in parallel so as to exchange power 
from one plant or territory to another. The disadvantages 
of this system, which are almost all transmission operating con¬ 
ditions, have been purposely omitted, in the hope that some 
member may at a future meeting treat this phase of the subject, 
giving a solution of the problems involved. The deductions, 
although drawn from conditions existing on the southern 
Appalachian slojDes, will in most cases apply to other localities. 

It seems best to first consider some of the topographical fea¬ 
tures of this locality. The Appalachian mountains, in which 
many large streams have their sources, run in a southwesterly 
direction, paralleling the Atlantic coast. These mountains 
are, on an average, from 1500 to 2000 feet above the sealevel. 
This means that all water from their water sheds must run over 
falls or rapids dropping a total vertical distance corresponding 
to this height. In the higher altitudes there are numerous 
waterfalls with an abrupt drop of many feet, but as lower levels 
are reached the falls .consist mostly of rapids, sonie grouped so 
as to present considerable fall in a short distance, and in other 
places a longer and more gradual slope. 

Several well-defined fidges cross the various streams running 
parallel to the Atlantic slope, on which each river has a decided 
fall. These ridges extend across two or more states and several 
streams. These points on the streams present the largest and 
rnost economical sites for hydroelectric developments. Near 
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these falls, or between them, are others of a gentler slope which 
are much more costly to develop. 

Each stream has available a certain amount of water power 
and the problem is to build and operate plants on the same and 
on different streams, interconnecting them with transmission 
lines, so that the greatest amount of power can be delivered from 
all the streams. 

For convenience, we will consider the advantages to be gained 
by parallel operation under the following heads: 

More than one plant located on the same stream. 

Plants located on different streams. 

Effect of low water on a system of plants. 

Effect of high water on a system of plants. 

Storage. 

Break-down capacity. 

Auxiliary plants. 

Variation of load. 

Constructing and operating advantages. 

More than One Plant Located on the Same Stream. Rainfall 
and floods are features that should be carefully considered in 
connection with hydroelectric plants especially when operated 
in parallel. To illustrate this point some tabulated data are 
given regarding rainfall from the year 1900 to 1909 at the sta¬ 
tions located at Morganton, N. C., Statesville, N. C., Charlotte, 
N. C. and Camden, S. C., all forming part of the drainage area 
of the Catawba river. 

It will be seen by referring to this table that in several instances 
one point may have an excess of rainfall and another have a 
deficiency, or vice versa. 

After the plants are built comes the consideration of their 
operation during various stages of water. The two stages which 
interfere with operation are extreme low water and extreme 
high water. While low water generally extends over the whole 
country it is very unusual that there are not some places where 
the streams furnish more water than others, due to variation 
in rainfall or to climatic conditions. These places may not 
necessarily be in the same section each year, and the areas of 
increased or decreased rainfall may shift and vary from year 
to year. 

Low water means a curtailment of power, and it is often found 
that even with a line of plants located on the same stream the 
water conditions are different at different plants. There may be 
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local rains that benefit one plant one day and do not benefit plants 
at some distance for two or three days thereafter. 

In case of operating tinder flood conditions the reverse is 
true, namely; a flood may affect a plant on the upper part of 
the river and not affect a plant lower down for several days. In 
the meantime the water has become normal at the upper plant 
and no longer interferes with its power output or the proper speed 
of the wheels. 

On a system where several plants are located on the same 
stream, the head operator has many problems which can be 
solved to the company’s advantage by passing water from one 
reservoir to another, so as to produce the greatest kilowatt- 
hour output from the combined plants. 

Plants Located on Different Streams, It will be readily ob¬ 
served that many of the same conditions and advantages that 
apply to several plants located on the same stream, apply to 
plants located on different streams. There are, however, some 
features in connection with low water and floods which should 
be considered. The question of low water can be handled much 
more advantageously when plants are located on different streams 
as it is rarely the case that areas of abnormal rainfall extend over 
different valleys and different parts of them to the same extent. 
The rainfall may vary a great deal even in the same valley, but 
this variation is always more pronounced in different valleys. 
Just as the effects of low water are minimized by having plants 
on different streams, so are the effects of high water. The floods 
that interfere with the operation of plants are the large ones, 
and it is a very rare occurrence to have a large flood on two dif¬ 
ferent streams at the same time. 

Effect of Low Water on a System of Plants. The low-water 
flow of any stream or streams in connection with a hydro¬ 
electric system operated in parallel, determines the value of the 
system. In the operation of plants located many miles apart 
not ohly can advantage be taken of variation of rainfall in dif¬ 
ferent parts of the various drainage areas, but it is found possible 
to regulate the flow of water from plant to plant on the streams 
so as to produce the greatest power output. 

In operating such a system of plants on the load in this terri¬ 
tory, we are often enabled to lower the ponds or storage capacity 
towards the end of the week, refilling them on Sundays. 

If an operating man has only one plant he dares not take any 
chances by lowering the water in the pond to too great an extent, 
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the result being that he does not get the amount of power from 
the plant that he would if it operated in parallel with other 
plants. 

As to just what this increased value of power output is cannot 
be determined except for fixed systems, but for any system in 
which there are as many as three plants, well located, it is safe 
to say that the low-water output can be increased at least 15 per 
cent. 

Kffect of High Water on a System of Plants, fn the case of low- 
hcad plants, high water affects them very materially owing to 
the fact that the decrease from normal head is a large propor¬ 
tion of total head. On the other hand, the higher head plants 
arc not affected so much. It very rarely occurs that all plants 
in a system are of the same head; consequently, the system would 
have an operating advantage in time of high water due to this 
reason. Also, in considering the flood action on a system of 
plants on the same sti'eam, we must investigate the velocity of 
such a flood. There may be heavy rains in one part of the 
valley causing an excessive local flood that will not affect a 
plant located thirty miles or more below, and the upper plant 
can be put back into commission before the flood will affect the 
plant lower down, and so on. 

Storage. It is evidently advantageous to have a chain or 
systena of plants in connection with the storage of water. When 
the plants are connected together in parallel it matters not what 
size reservoir each particular plant may have, as all the water 
can 1)0 made availal)lc by the operator as if it were in one large 
reservoir. This, of course, will make it necessary for the operator 
to draw continuously on plants that have small reservoirs, using 
the plants with large reservoirs in cases of emergency or heavy 
peak loads. 

Excess or Peak Load Capacity. In every plant it is necessary 
to have an overload or peak load installation, as no power ser¬ 
vice has a steady load at all times. In the construction of hydro¬ 
electric plants it is always found advisable to install some addi¬ 
tional equipment for this purpose. The percentage of this excess' 
capacity is necessarily greater in an isolated plant than it would 
be where several plants are connected together in parallel. In 
cases where several plants are operated in parallel the excess 
capacity can often times be installed in plants nearer the load, 
or in a more desirable place for operation, than would be possible 
if each plant had to carry its proportionate amount of reserve 
capacity. 
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Breakdown Capacity^ It is well known to all operators that 
interruptions to some plant are liable to occur from time to 
time, due to breakdown or some defect which may develop. 
It can readily be seen that with a chain of plants an interruption 
at one plant would not be serious, as other plants on the system 
could be called on for overload or excess load during such an 
interruption. It often happens that some breakdown in one 
plant could be repaired much quicker if the whole power house 
could be shut down. 

Auxiliary Plants, Due to the extreme variation of high and 
low water, one of the problems in hydroelectric development is 
to be able to get as much power as possible from a variable 
stream. If a plant is based and built on extreme low water, 
there is from six to twelve months in the year, varying of course 
with the rainfall, a great amount of surplus power. It becomes 
very desirable to make installations that will take care of as 
much of this fiowage as it is profitable to sell. These variations 
are so erratic that they cannot be even approximately deter¬ 
mined, and it is therefore necessary to install some auxiliary 
plants. When plants are operated singly it is generally necessary 
to place an auxiliary steam plant at the water power plant, and 
as water powers are generally in some out of the way place, the 
cost of construction and operation of the auxiliary is high. But 
where a system of plants is operated in parallel the problem 
of auxiliary plants is very much simplified. Plants may be 
located so as to take care of territories at the ends of transmission 
lines; or they may be in the midst of the largest power dis¬ 
tricts, thereby reducing the line loss; or they may be placed at a 
point where low freight rates on fuel prevail. 

Variation of Load. The ideal load for any power system is 
one made up of a great number of different kinds of customers. 
The greater the territory over which sxij system operates, neces¬ 
sarily the greater the diversity of manufactures, and the nearer 
do we approach ideal conditions. The largest part of the load 
in this particular section consists of cotton mills, and although 
this is supposed to be a ten-hour constant load there is a variation 
on our different lines from week to week, due to the market 
demand for different classes of goods. To cite a particular case; 
a number of mills in one locality spinning coarse yam may be 
shut down in the middle of the week, while the mills in another 
district, spinning fine yarns, may be running overtime, due to 
the demand for these particular goods; consequently, a system of 
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plants will have a much better load factor than would be possible 
with singly operated plants. 

Constructing and Operating Advantages. Another great ad¬ 
vantage to the construction engineer while building on a stream 
on which some other plant is operated above him, is the ability 
to regulate the flow of the river while putting in coffer dams or 
difficult parts of the foundation. This, of course, would only 
apply to a plant located below one in operation, but it can be 
used many times during course of construction. 

The advantages of operating a large transmission system are 
many and easily understood by the practical operating man. 
The operating manager is able to handle the system from one 
point to much better advantage than if it had to be operated 
from different points. He has a better opportunity of training 
his operating forces, as the men can be promoted from one de¬ 
partment to another as they become proficient and familiar with 
the system. 

We next come to the question of cost of attendance for a 
system of plants. The load in this particular territory is such 
that it does not require all of the plants to be in operation more 
than twelve hours a day. This enables the company to so man 
the stations that twenty-four hour shifts are not necessary in 
all plants. 

One Transmission System Where Possible 

In the Piedmont section are many small growing towns 
scattered several miles apart and vying with each other in manu¬ 
facturing. As there is a large territory to cover its calls for a 
high tension distfibuting rather than a high tension transMission 
company. 

If parallel operation of generating plants is economical, de¬ 
sirable, and capable of better service to customers, why is not 
one transmission system best to serve a large territory? Let 
us consider the following problems in regard to the transmission 

system: 

Ability to furnish better service. 

Cost of transmission system. 

Serving one or more generating companies. 

Construction and operation. 

Ability to Furnish Better Service. The matter of first consider¬ 
ation to the hydroelectrical engineer of any system, great or small, 
is reliability of service. If there are advantages in operating gen- 
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erating plants in parallel there must be still greater advantages in 
supplying customers from one general transmission system. The 
large transmission system presents many possibilities for belt lines 
and tie-in lines, which strengthen the service and which would not 
be possible on a small isolated system. Duplicate lines can be so 
laid out that while they are not built close together they eventually 
reach the same point. By this plan they reach and serve separate 
territories and come together at a fixed point, there furnishing 
duplicate service. In case of interruption to one line, power 
can often be furnished from another direction until necessary 
repairs can be made. 

Cost of Transmission System. In the construction of a large 
distributing system the lines will probably cost more at first than 
those of the smaller system. As the country develops and the 
load increases, the relative cost will be reduced, so that the final 
cost will be less per kilowatt than for several small systems. 
There will be an increased cost, due to many switching and tie- 
in stations, but this, I believe, will be offset by being able to work 
the lines up to their full capacity. The larger systems will only 
add additional lines as the load increases to warrant their con¬ 
struction, while, on the other hand, it would be almost impossible 
to lay out the small system so as to use all the copper in the lines 
to best advantage. 

Serving One or More Generating Companies. When a large 
transmission system is laid out to serve power consumers to the 
best advantage, it is an easy matter to tap the system and take 
on additional power from any new generating station. 

The operation of a hydroelectric system resolves itself into 
three parts; generation, transmission and distribution. Any 
part is susceptible of being segregated so as to determine its 
pro rata cost or profit. This being the case, it will readily be 
seen that a large transmission system will furnish to the prospec¬ 
tive builder of a generating plant a better market for the sale 
of his output than he would have if he determined to enter all 
three fields. It will make no difference to the distributing sys¬ 
tem whether the generating plants are owned by the same com¬ 
pany or by different companies. 

Constructing and Operating Advantages. Owing to the fact 
that most water power sites are in almost inaccessible places, 
the c^uestion of power for use during construction should be con¬ 
sidered. If the plant is built with a view to operating in parallel 
with some other plant it is merely a cjuestion of building the 
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transmission lines at first and using power from the completed 
plants for constructing the new ones. This has been worked 
out in actual practice and is found very desirable. 

Conclusion 

The advantages enumerated above which are claimed for 
plants operating in parallel are in the ultimate, economic ones, 
and this paper does not seem complete without some reference 
to the general conditions surrounding the water power situation 
at the present time. 

We have already referred to the benefits to be derived from 
the proper location of the various dams on a stream, but even 
at this early stage of the hydroelectric art we find it necessary 
to consider conditions already existing. In many places we 
find the power of water falls has been partially utilized in a 
manner which makes complete development of their power 
almost impossible without destroying existing developments. 
We also find in many places a- little fall above and below sites 
for development, covering several miles of river front, which is 
difficult to include. The development is often made to include 
only the main fall on account of the difficulty of acquiring the 
riparian rights for the total fall. Again, other obstacles are often 
encountered, such as highways or railroads which interfere 
with complete development, and a partial development is made 
without removing these obstacles which could often be done 
to the satisfaction of everyone. This is a very poor policy and is 
equivalent to wasting that much of available power. 

Furthermore, almost every undeveloped water power is in 
some remote place difficult of access. This makes it necessary 
to provide some means of transportation for machinery and 
materials during construction. This item of transportation is a 
large part of the cost of development, especially when the plant 
is a small one. For this reason, if for no other, each of these 
developments should be considered very carefully with the idea 
of developing as large a power as possible, even if it is necessary 
to spend some time in getting additional water and flowage 
rights. 

And here let me advocate the passage of liberal condemnation 
laws, so that anyone actually desiring to develop a water power 
could do so without being blocked by minor or unimportant in¬ 
terests, for up to the present tim.e it has been found that one 
of the most difficult matters in connection with hydroelectric 
development is the acquisition of land and riparian rights. 
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This item represents about 10 per cent of the cost of develop¬ 
ment. Several of the states have passed condemnation laws, 
and other states, which have no general law, often give special 
charters allowing condemnation. While there is a tendency on 
the part of many people to object to this policy, it should be con¬ 
tinued. 

It is a well established fact that the growth of the country 
around a development is very rapid, increasing the taxable 
values not only by the amount invested in the development but 
also by the investment in manufacturing interests which follow 
them. 

I know of no business in which as much money has been 
invested as in hydroelectric developments that has made such 
a poor return on the investment. Seventy-five per cent of the 
reports made on proposed hydroelectric developments are jokes. 
Moreover, the local papers, when a development is proposed or 
started, are eager to magnify the amount of power, the cost of 
construction and the value of the investment. The result is 
that the entire country has been trained to believe in a general 
condition that does not exist. Promoters have taken advantage 
of this condition, and many plants have been built or started 
that have proved failures. 

The investigation of a proposed hydroelectric development 
requires a great deal of work and study by trained and experi¬ 
enced men, as there are more varying features entering into 
consideration than in any other branch of engineering. Most 
reports are made hurriedly without proper investigation, hence 
disappointment follows. The engineers who make these reports 
are not wholly to blame, for they are seldom allowed the necessary 
time or facilities to make proper investigation on account of 
the cost involved. 

The standard for determining the cost of power to-day is ^ 
based upon the cost of power produced from coal. As the supply 
of coal is consumed the cost of power will necessarily increase 
and a new standard of cost will be established. Any tendency 
to block or interefere with the development of water power is 
necessarily forcing the consumption of coal and hastening the 
day when the price of power must increase according to the law 
of supply and demand. I fear that many of our conservation 
advocates who are endeavoring to prevent the destruction of 
our natural resources are really hastening it. 

We are all aware that our Government, which should publish 
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carefully and accurately prepared reports, is contributing an 
influence which is not favorable to the early development of our 
water powers. Some laws have been passed, and still many more 
proposed, with apparently no other object than to stop further 
development. The public which has been taught that the in¬ 
vestor is getting more than he should, endeavors to block de¬ 
velopment in every conceivable way. The result of these con¬ 
ditions is that the investor has been sorely disappointed and is 
ceasing to invest. In the meanwhile, a latent or dormant energy 
is running to waste, and we are consuming a limited coal supply 
which should be preserved. 

The engineering profession should study these conditions 
carefully and exert every influence to place this matter before 
our Government and the public in its true color; thus only can 
we hope to utilize in the immediate future the vast resources 
of our streams with the greatest possible economy. 

To my mind true conservation does not consist in postponing 
the utilization of power now going to waste, and which can never 
be regained, but rather in utilizing these resources at present 
that cannot be kept for use at a future time. 
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Discussion on “ Parallel Operation of Hydroelectric 
Plants.’’ Charlotte, N. C., March 31, 1910. 


W. S. Lee: In describing some of the features that enter 
into the design, construction and operation of our plants here I 
have endeavored to present them in a general way—in a way 
which should be considered by every engineer who contemplates 
a large development consisting of a chain of power plants. 

The questions that arise in this kind of work are not always 
strictly engineering problems. There are commercial and 
political questions. The problems encountered in this par¬ 
ticular section were, principally, a great variation in flow, a 
scattered market, and a market for power that is used only for 
a comparatively short portion of the day. I believe that it 
will not pay to develop an isolated plant in this country, con¬ 
sidering the rates at which we have to sell power and the 
distances over which we have to transmit the power, unless it is 
a very large one. It is true we have many small powers that 
^ developed and utilized close by, in cotton mills, many of 
which have their own plants, but when the transmission held 
IS entered it will not pay to handle these small plants. 

M/hile these questions may not be purely engineering prob¬ 
lems, they are problems which the engineers of the country 
must help solve. There is no question that whoever has to 
operate an isolated plant, with a variable stream, is not going 

from that plant with the same conhdence that he 
would if he had other plants which he could call upon, or some 
power. We find that condition in actual experience. 
With due respect for my own operating department here, I find 
that it frequently saves the water, fearing that there will not 

be enough to last through the week, and as a result the water is 
wasted. 

^ Chas. L. Waddell: I think Mr. Lee has well treated the sub- 
^ economics of parallel operation of plants from the 
s andpoint of the southern engineer, and he has equally well 
dwelt on the attitude of the public towards these developments 
i think he is conservative in estimating the advantages of the 
mvestrnent have been as 5 to 1 wherever a large undertaking 
ot this kind has been made in the South in the increased value of 
irianufacturing sites, manufacturing itself, and of real estate in the 
vicinity, and I think he might well have added to the paper a 
corollary on the advantages of such a system to the consumer. 
Briefly stated these advantages are: 


1 . With a distribution system such as this, and the use of 
hree transformers connected in delta, a customer has practi¬ 
cally a duplicate plant at the cost of one; for, should a line go 
down or one trpsformer be destroyed, operation is still possible, 
-f of -^e large system, once running, is so great 

^^^owing on or off large induction motors does not materially 
affect frequency or power factor. ^ 
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3. Uniformity of rates for installations of equal characteristics 
places all manufacturers on an equal footing, and if competition 
exists it must be based on factors of cost other than power. 

4. The cooperation between a customer and the engineering 
department of the large hydroelectric companies insures the 
customer of engineering advice of a much higher order than a 
small manufacturer would ordinarily have at his disposal. 

All of us will heartily agree with Mr. Lee in what he says about 
educating the public to the great advantages of these systems, 
and the necessity of passing laws that are equitable and fair 
and particularly to give the hydroelectric companies greater 
latitude in the matter of condemnation processes and the right 
of eminent domain. If I mistake not, it is a law in this state at 
the present time that power companies have the right of eminent 
domain for transmission lines. The legislators and the public at 
large already begin to recognize these interests are public 
utilities, and should be given powers that are ordinarily delegated 
to railroads and corporations of that nature. I think it is mani¬ 
festly fair and right, and I think it is our duty as engineers— 
because we know both the public’s side and the company’s 
side of these questions—to educate the public with which we 
come in contact to realize the advantages of the universal de¬ 
velopment of our water resources, their harmonious operation to 
the advantage of all interests, to recognize the advantage of 
equality in the rates, and not block development by unjust or 
antiquated laws that apply to a former age and have no place 
in the century in which we now live. 

Percy H. Thomas: I would like to ask Mr. Lee how the speeds 
of the various water wheels in the system is maintained, and 
incidentally, what provision is made for voltage adjustment. 
And a second question is as to operation—^whether all lines of 
the same voltage are tied together and so protected that any 
line breaking down will be automatically cut out; or whether 
the plant and substations are operated in sections, so that if 
anything happens to one section the lines on this section can be 
thrown over to another section; or whether separate sections 
are maintained, the different sections being tied together by 
instantaneous circuit-breakers? These are three^ possible ways 
of operating such a system, and Mr. Lee’s experience would be 

very valuable. ^ .... 

It is interesting to note to what a high voltage this plant is now 

carried, even though the distances to which power is being 
transmitted would possibly not demand so great a pressure. 
I believe it is a very wise arrangement; not only does it give 
greater efficiency and splendid regulation of voltage, but it 
provides a large amount of changing current which will tend to 
neutralize the effect of the inductance of the induction motors, 
and further will permit a temporary transmission of power 
through roundabout circuits in case of injury to some rnain 
line. Two or three times the normal distance might be traveled, 
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under such circumstances, without causing any particular dis¬ 
turbance of voltage of serious transmission losses. 

There is another side to the problem which Mr. Lee has pre¬ 
sented, and which he has of course fully considered—how far is it 
possible to build up a load whose load curve shall follow that of 
the water power available. It is, of course, desirable to utilize 
storage to permit the use of every possible kilowatt-hour from 
the river, but it is also worth while to encourage the sort of load 
which follows as far as possible the power available. Possibly 
Mr. Lee would give us a few remarks on the limitations in the 
control of the load curve—these limitations, of course, are very 
great. 

What is wanted is some way of using overflow power; as for 
metallurgical or electrochemical work, or some other way. The 
ideal arrangement would be some process which can be carried 
on at night, and which does not require a heavy plant invest¬ 
ment; giving some product which has a good steady market 
value and which is easily shipped. For example, if some fertilizer 
could be manufactured at night with the overflow current, and 
shipped in carload lots to the country hereabout, it would be a 
very great advantage to the power system. Apparently, at 
the present time there is no such use for overflow power which is 
really practicable and available. It would seem almost certain, 
however, that in the future there will be found something which 
will be more satisfactory. 

Considering Mr. Lee’s discussion of the advantages of multiple 
power stations, not only do we gain from having a large number 
of hydroelectric plants in the same system, but we will gain, as 
the author has brought out, by having them widely distributed 
not only three consecutive power houses on one river, but having 
the power stations on opposite sides of the distribution area 
allowing the source of power for any particular load to be chosen 
at will. 

Mr. Lee has spoken of the advantage in looking ahead in laying 
out a large power system. There can certainly be no question 
about the wisdom of that principle. C think it is also true that 
every big power system, like every other large undertaking, is an 
evolution, and must have its growth guided by its past ex¬ 
perience; and if we start with a central idea which appears best 
at the time, it is not wise to determine conditions too far ahead, 
because conditions are likely to change, and it will be better to 
have the development flexible enough to take advantage of the 
situation existing at the time of action. 

D. B. Rushmore: A feature of Mr. Lee’s paper deserving of 
particular discussion is the use of steam auxiliary plants in con¬ 
nection with large hydroelectric systems where the power stations 
are developed to a point above the minimum flow of the streams. 
In a few localities, such as Niagara Falls, steam auxiliary plants 
are needed only as an insurance against breakdown of transmis¬ 
sion lines. Such plants may, however, perform various func- 
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tions, vSuch as taking the peak loads, of supplying the wattless 
current of the system, etc. At the present time the development 
of a hydroelectric system necessarily involves the use of such 
steam auxiliaries. 

A. M. Schoen: The points of advantage to be derived from 
the parallel operation of hydroelectric plants, as explained by 
Mr. Lee in his very able paper, are too self-evident to need dis¬ 
cussion, but if these advantages accrue from tying together a 
single group of plants in a fairly circumscribed area it would 
seem that the extension of the same system over a wide area 
would accomplish results even more to be desired. One of the 
principal factors justifying the arrangement recommended by 
Mr. Lee is the fact that if, with several plants so grouped to¬ 
gether, each stream takes its water from a different drainage 
area, there will be a greater tendency towards flattening out the 
primary power curve, thus increasing the salable primary power 
against the corresponding decrease in the secondary, as extreme 
low water in two well separated basins at the same time is un¬ 
likely, and this improbability continues to increase with the 
number of streams drawn upon and the increased separation of 
their drainage basins. 

Take, for instance, one of the southern counties, the com¬ 
missioners for which recently requested me'to formulate specifica¬ 
tions under which four competing hydroelectric power companies 
should be permitted to run their transmission and distribution 
systems. Two of the companies were located at adjacent points, 
on the same river, while the other two were supplied from entirely 
different streams, taking their rise and supplementary supplies 
hundreds of miles from each other and from the first 
Any arrangements between these four companies by which 
they might supplement each others’ power in extreme cases 
would seem to be mutually beneficial, as such an arrangement 
would result in increasing the salable primary power to a greater 
or less extent for all four without calling for additional equip¬ 
ment, except in the pole lines, assuming, of course, that all were 
using the same voltage, periodicity and frequency. This serves 
to accentuate the particular point I had in mind when rising to 
discuss Mr. Lee’s paper, namely, the need for conforming to some 
general standard when installing plants of this kind, for in my 
opinion, the time is coming when there will be some general 
working arrangement, even if the ownership is different, between 
plants of this character operated in the same section ot the 
country. Indeed, it is hardly too great a stretch of the imagina¬ 
tion to say that the time may come when sections rich in water 
power, such as the Piedmont section of the southern Appalach¬ 
ians, will be covered by transmission lines fed at intervals from 
the various power houses, thus ^ creating one large inter¬ 
dependent system furnishing a maximum primary power supply 
to the country within reach, and under the most advantageous 
conditions both to operator and consumer; and should this occur, 



562 


HYDROELECTRIC PLANTS 


[March 31 


the next step in natural sequence when such relationship be¬ 
tween the properties existed would seem to be an arrangement 
of dams across streams at judiciously selected points between 
the mountains, resulting in the impounding of these waters by 
means of artificial lakes and a consequent increase in the water 
stage of the streams affected with corresponding increase in 
primary power. 

Carl Hering: Regarding the utilization of electric power from 
hydroelectric plants at such times during the day, night or year 
when there is plenty of water and a light load, there is probably 
no better way to utilize that power than for some electrochemical 
or furnace processes which can be started and stopped at pre¬ 
arranged times, and which require large amounts of power but 
must get this power very cheaply in order to make the processes 
commercial. 

It seems to me that this has not been given the attention 
which it deserves. Such power could be delivered very cheaply, 
yet with great profit, as the cost of it to the producer is extremely 
small because this cost should be charged with only the dif¬ 
ference between the cost of operating with and without this 
extra load. If power at such low costs were offered at prices 
agreed upon for reasonably long terms, it would probably find 
a sale when the offer became generally known. 

Even a furnace might be operated during a limited period every 
day, if enough current could be obtained during the rest of the 
day to merely keep it hot; and when furnaces are designed and 
proportioned more carefully to reduce the heat losses, as they un¬ 
doubtedly will be after it becomes known how to design them prop¬ 
erly, these stand-by losses ought to be reasonably small. A case 
has been reported in which this was profitable even when coal 
was the fuel, and it would therefore be much more so when the 
source is an excess of water, and when it becomes possible to 
design the furnaces more correctly. 

H. R. Muller: It might be of interest to the people here to 
know that power is now being used in the off peak periods 
in the Pittsburgh district for the manufacture of steel, or rather 
the refining of steel that has been preheated and somewhat re¬ 
fined in the open hearth furnace, or made from the scrap, at a 
cost of about one cent per kilowatt-hour for current. This has 
been carried on for over a year, and while I do not know what the 
manufacturers' profit has been on this steel, which is used 
principally for high grade tool steel, they are still completely 
equipped with crucibles, and I feel they would revert to the 
former methods if the electric furnace was not more profitable. 

W. L. Waters: Mr. Lee's paper deals in a complete, though 
brief, manner with the fundamental engineering and economic 
questions connected with hydroelectric power distribution. The 
only suggestion I wish to make on this subject is that the induc¬ 
tion type of generator should be considered more frequently for 
such installations. The disadvantage of operating a large num- 
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ber of small power stations, is the increased expense due to the 
attendance required for each station. In large city power sta¬ 
tions it has been found more economical and advisable to operate 
power stations of 100,000 to 200,000 kw. capacity, when the 
conditions in regard to the magnitude and location of load 
justifies such a size. In a well distributed water power system 
such as Mr. Lee has referred to a power station of this capacity 
is usually impossible as the water power is not located at one 
point. 

The induction generator consists of an induction motor 
operated above synchronous speed, and the advantage of this 
type of machine is simplicity of construction and operation. 
The induction generator does not require any direct current 
exciting system or complicated switching gear. In addition 
there are no governor or parallel-operation troubles and the 
units once put on the line can take care of themselves, the load 
being regulated by the governor of the prime mover. The ob¬ 
jection to induction generators is that they require a wattless 
magnetizing current which must be supplied by the system. 
Just as an induction motor takes a wattless magnetizing current 
from the line and delivers mechanical power, so the induction 
generator takes wattless magnetizing current from the system 
while it supplies the watt component of the whole. 

Two years ago I presented to the Institute a paper on the 
induction generator as applied to large power station work. 
In this paper I dealt mainly with the application of this type 
of generator to large power stations operating a considerable 
amount of synchronous apparatus, and the question of such 
units in connection with large water power systems was only 
briefly touched on; the reason for this being that there was 
practically no large overhead transmission system operating 
with the high voltage at which the Southern Power Company is 
operating at the present time. The possibility of operating large 
overhead systems at 100,000 volts changes the situation com¬ 
pletely. Mr. Fraser states that the capacity charging current 
for 140 miles of the Southern Power Company’s 100,000 volt line 
is about 7,000 kilovolt-amperes. These 7,000 kilovolt-amperes 
will supply the full load wattless magnetizing current for 20,000 
to 30,000 kw. of steam-turbine-driven induction generators or 
about one-half that capacity of waterwheel-driven units. Mr. 
Lee will tell us the Southern Power Company expects within the 
next five years to have the 100,000 volt line so extended that 
the charging current will probably be increased to 20,000 kilovolt¬ 
amperes. If this is the case the overhead system would be 
capable of supplying the full load wattless magnetizing current 
for from 30,000 to 100,000 kw. of induction generators, the 
exact capacity depending upon the speed and the voltage at 
which they are operated. 

The commercial history of the induction generator^ has been 
comparatively brief. The first application of any size was a 
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1200-kw. unit installed in the Baltimore Copper and Smelting 
Rolling Company’s plant about six years ago, while recently 
three larger units have been installed in the Interborough Rapid 
Transit Company’s power station in New York City. The gener¬ 
ators in both of these installations supply power to rotary con¬ 
verters which transform the alternating current to direct current. 
The induction generator appears to have been somewhat neglected 
in the past because the conditions were not favorable to its 
adoption. The necessity of a wattless magnetizing exciting cur¬ 
rent which must be supplied from the system, is a great disad¬ 
vantage in a number of cases. But with large city power sta¬ 
tions operating synchronous apparatus, or an extensive high 
voltage overhead transmission system, with large capacity charg¬ 
ing current, the conditions are much more favorable to this type 
of generator. In any system such as that of the Southern Power 
Company the arrangement suggested would be; synchronous 
units installed in one or two of the large power stations and in¬ 
duction generators in all the smaller stations. The generator 
units in the smaller stations would run continuously on the 
circuit without attention, the governor of the prime movers 
regulating the load, while the voltage on the system would be 
controlled from the large synchronous power stations. The 
suitability of the induction generator for any such system would 
depend to a great extent on the speed at which the units oper¬ 
ated. the voltage for which they are wound, and the power- 
factor of the load on the alternating-current distribution sys¬ 
tem. And, in an}" case, the advisability of adopting or not adopt¬ 
ing such an arrangement of induction generators in any large 
complicated system such as that of the Southern Power Com¬ 
pany could only be decided after the system has been laid out 
in detail, and all the economic and engineering features been 
given due consideration. My object in bringing forward the 
induction generator at this time is not that it is considered ad¬ 
visable to adopt this type of generator universally in such in¬ 
stallations, but that as conditions are gradually changing 
and becoming more favorable to the adoption of this type of unit, 
it now deserves more attention than it has received in the past. 

Chas. F. Scott: Mr. Lee’s paper besides presenting the general 
conditions confronting the Southern Power Company, shows also 
a new stage in the development or evolution of electrical trans¬ 
mission. 

The high tension transmission system of several years ago 
consisted of a generator, raising transformer, line, and a lower 
transformer with some distributing lines. The transmission 
system consisted of a single transmission line from one generator 
to one substation. More complicated designs rapidly de¬ 
veloped. In one type a number of power plants supplied a single 
point; possibly Los Angeles may serve as an example which 
receives incoming power from several directions. Then, again 
there is another type in which power is generated at one point 
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and is distributed by various transmission lines in dffierent 
directions, each, of these lines supplying stations at various 
points en route; Niagara Falls is typical of this condition. 

In the case of the Southern- Power Company we are apt to 
think that operating at 100,000 volts is its great feature, but a 
statement of Mr Lee’s shows that there is something more not¬ 
able. He says now that this is not a high-tension transmission 
system, but a high-tension distribution system. There are many 
scattered power houses, and many distribution centers. 

A number of years ago, when the Niagara plant was being laid 
out and great interest was concentrated on the generators of 
mammoth and unic^ue form, one of my colleagues, who was 
engaged in the development of switching apparatus, made a 
remark which struck me on account of its originality and novelty. 
He said that the great difficulty and the big problem in large 
electrical work would not be in the generators, but in the switch¬ 


ing and controlling apparatus. ^ ^ . t 

1 have thought of that remark many times since, and i believe 

it is more true to-day than when it was first spoken. In^ a 
plant with high-pressure circuits and many receiving and dis¬ 
tributing points, such as has been described this morning, the 
problem of switching and controlling apparatus constitutes the 
large electrical problem. So that this plant illustrates, not only 
the new commercial-political relations, as Mr. Lee has pointed 
out but also marks a new stage in electrical operation and the 

types of apparatus which are required. ^ i . i . 

In brief, the operating conditions, the inter-relation between 
stations and operators, involving such questions as those Mr. 
Thomas asked, and such questions as Mr. Waters brought out a 
moment ago in their discussions—these are the large and im¬ 
portant elements upon which the success of the plant will 


den end 

The relation of electricity to the conservation of energy is one 
which has received attention at the hands of our President in 
one of his papers before the Institute, and it seems^ to me Mr. 
Lee has brought out some features which are descriptive, in a 
large and broad way, of the larger service which electricity wih 
have in the conservation of our natural resources, n not only 
saves the waste of water power and enables it to be utilized, but 
by entering into a whole region, by making a power system o a 
whole state, it equalizes the different variables which occur 
in the operation of each individual system which Mr. Lee has 
pointed out. Now, by interconnecting many plants into one 
general electric system covering the whole stage, these individual 
elements or variations can largely be wiped out, and 'we can ge 
that general average which means the highest general efficiency 
so that we equalize power, and we save power, and fumisn 
better and cheaper power, as was brought out in the discussion 


yesterday. 

With regard to 


the relations of the engineer to the general 
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problem, I would almost disagree with Mr. Lee, when he ap¬ 
parently limits the function of the engineer to the purely technical 
problems. He says in the beginning of his paper that some of 
the problems are commercial rather than engineering. Taking 
our natural resources, and applying them most efficiently under 
the conditions which exist, I think, like most of the things which 
he has brought up, can properly be placed under broad engineering. 
I think he is right also in stating that the proper way for engi¬ 
neers to handle the large conservation problem is by attacking 
the problem in a large way and getting efficient results. And I 
believe that the general common sense of the American people 
is such that they do not object to having things done in a large 
way on a sound engineering basis, but what they do object to 
is having them done on a false and unjust social and commercial 
basis. Our commercial and political friends should recognize 
the same kind of standard that the engineers work to, high 
efficiency, the greatest good to the greatest number, on a fair 
and just basis; in fact engineers are setting the standard of 
principles which should be adopted in commercial and political 
life, as they must practice them in their professional life. 

In talking with one of the older men in this community, who 
has seen things build up in the South for many years, and in 
speaking of the new life which has come to the district, and the 
new methods in cotton mills, he said that pioneer work of this 
kind requires imagination , initiative, and nerve. He said that is 
what the Southern Power Company has, and I am sure we all 
agree with him. 

Edw. W. Shedd: Mr. President and gentlemen, I have been 
exceedingly interested in the paper that has been presented by 
Mr. Lee, and I desire to offer just one suggestion which I think 
has not been touched upon in the discussion, but which Mr. Lee 
brought out in his paper, and that is the great importance of 
the question of transportation; and I am sure that you will all 
agree with me that that is a question of transcendant im¬ 
portance, and it is a question which must be met and worked 
out if the fullest development of our southern water powers is 
brought to pass, and it is a question which I think works in most 
uniformly and nicely with the Ciuestion of hydroelectric develop¬ 
ment. 

For nearly two years I have been working in this territory, 
purposely selecting the territory in w’hich the Southern Power 
Company is operating, upon a system of railways which is 
designed to rneet the needs of the territory as regards transporta¬ 
tion, and which I think in the near future is bound to be built. 

I want also to emphatically endorse the suggestion of Mr. Lee 
and others who have discussed the paper as to the value and im¬ 
portance of engineers and every one else educating the public, 
especially perhaps the political public, as to the advisability 
of giving to these quasi- public corporations sufficient rights, 
particularly in the way of eminent domain, to enable them to 
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carry out all their important developments which are in progress. 
It seems too bad that many valuable developments are held 
back by the narrow mindedness of some one man who thinks 
he has a big corporation to deal with; he will get fifteen times the 
value of his land, just because the corporation wants a right-of- 
way through it. Such procedure holds back development in 
many cases. It is the duty of every electrical engineer and 
civil engineer, lawyer and banker, to try to educate the public 
and to work with the legislators, so that a broad-gauge policy 
can be followed in these matters. 

Speaking directly to the point, it has been suggested that we 
should develop something that would use the water power 
when the hydroelectric companies have a surplus of water, and 
when it is not being used for other kinds of business. It has 
occurred to me to-day, and it has occurred to me many times 
before, that one very large use, possibly of this power in the 
night time could be developed by operating a system of railways, 
particularly in the section of the country in which the Southern 
Power Company and other hydroelectric plants are operated, 
hauling the freight in the night. A large amount of power can 
be used at night in hauling freight, for I see no reason why the 
freight business could not be done in the night time when there 
is a surplus of hydroelectric power available. It is my purpose 
to use hydroelectric power for the operation of railways in the 
district of the Southern Power Company, carrying freight at 
night. 

Perhaps this is not the place to bring it forward, but the idea 
has occurred to me that it might be desirable, if it were consti¬ 
tutional to subsidize such industries as water power develop¬ 
ments, railways, etc., in the way, possibly of exempting their 
bonds from taxation. It might be possible in this way to induce 
the banks and trust companies in the south, which are pretty 
well supplied now with money, and find difficulty in lending it, 
to take some of the bonds, of these enterprises as this would 
make them more attractive as an investment. 

It has occurred to me that this might be done by the partial 
or complete exemption of taxation on bonds issued by hydro¬ 
electric plants, and on railways, exclusively wdthin the state of 
North Carolina, and held, perhaps, exclusively by investors 
residing in the State of North Carolina. It looks to me^ as though 
something of this kind could be worked out very satisfactorily, 
and this would make the railways and the hydroelectric plants, 
as you might say, a board of trade, which would be working for 
the development of the entire country, and at the same tinie 
furnish a more attractive investment for the money on^ deposit 
in North Carolina, to be used only in this State, and in other 

states, if such states do the same thing. 

President Stillwell: Mr. Scott has already referred to the 
first of the points which I noted in listening to Mr. Lee s paper, 
namely, his apparent contrasting of the ideas of engineering 
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considerations and commercial considerations. Engineering, 
as I understand it, when applied to the solution of these large 
industrial problems, means the application of commercial 
business judgment, reducible to terms of dollars and cents, to 
those problems; that application being based, however, upon 
special study of the technical underlying problems which are 
essential as a foundation for the general solution. I think if 
we were to use the words “ technical ” and “ commercial,” 
in making a contrast, rather than “ engineering ” and “ com- 
merical,” we should place the matter in about the right light, 
because we do not want the community to get into the habit, 
which I am sorry to say it has acquired in part, of looking upon 
engineers as men who are incapable of drawing practical de¬ 
ductions. The engineering which is of the broadest kind, is 
precisely the kind which Mr. Lee himself,, a member of the In¬ 
stitute, is carrying on. He has applied broad business judg¬ 
ment, based on technical knowledge, to the solution of in¬ 
dustrial and commercial problems. Immediately, that raises a 
question of engineering responsibility, and that is a point I 
want to say a word about. 

We have now throughout the country an abnormal number of 
hydroelectric enterprises in the hands of receivers. In every 
case that I have had occasion to investigate or have learned about, 
and I have come in touch with a number of them, the failure has 
been due to the fact that at the outset the proper kind of com¬ 
mercial-engineering brains were not brought to bear on the 
problem. I do not know an important case where the thing 
that caused the enterprise to fail could not or should not 
have been foreseen. Engineers are too apt to allow themselves 
to be hurried and pressed by the promoter. In one important 
case where an estimate had to be revised to an extent which 
involved the raising of about $2,000,000 in addition to the 
original amount provided for by the financiers, I am told that 
the engineer made the excuse that he was allowed only one week 
to investigate that problem. That excuse is an indictment of 
the engineer himself. Any man who could undertake to pass 
on a matter involving large amounts of other people’s money, or 
small amounts, on a matter of such magnitude, in such a short 
time, ought to resign from the engineering society and get out 
of the business. He does not belong there. 

Mr. Lee made reference to the subject of condemnation of 
rights for transmission lines, and also of the lines which are 
essential to the hydroelectric development. Now, there is a 
point where I believe we can use our influence, not collectively, 
perhaps, but individually -with our congressmen and friends in 
the legislatures, in a perfectly proper manner, and in a manner 
that will redound to the benefit of our engineering organization 
and of engineers as individuals and of the community at large. 
We have in the country two classes of public utility corporations, 
aside from those which have to do with the cities, the gas com- 
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parties and the railways, and now we have to do with these great 
transmission and distribution systems utilizing water powers. 
The railways have the right of eminent domain. In general, 
the power companies have not. Is there any possible reason 
and logical common sense why they should not have this right ? 
The gross earnings of the railways of the United States are 
approximately $3,000,000,000, a year. The gross value of our 
manufactured products is approximately $20,000,000,000 a 
vear This utilization of power means a general tendency to 
decrease the cost of the manufactured product. It also means 
in many cases, and in more cases to come, a reduction in the cost 
of transportation. Economically considered, therefore, _ every 
reason that exists for conferring upon the railways the right to 
condemn, exists with increased force in the case of the power 
companies distributing energy for the very many purposes to 
which the community applies it. Now, this question of natural 
monopoly must be met, and we must meet it with an eitective 
answer. As citizens many of us are lined up on that si e o t e 
question, but we have to face the fact that, at any rate, there is 
eoins to be in this country government regulation of rates es¬ 
pecially the rates of public utility corporations ^e right of 
the state has already been upheld in the case of the Consolidated 
Gas Company in New York, where the decision of the supreme 
court of the state of New York was appealed to the United 
States supreme court, and in that case it was defim ® 
by the higher tribunal that the state has the right g 
rates Now it seems to me that the answer to give to those 
people who are objecting to a natural monopoly in water power 
IS this—that it is absolutely unnecessary 
ment of these enterprises at this date, for. the reas 1 

as rapidly as they place themselves m Position where they 
are imposing upon the community by charging 
unfair rates, the state is in the position to ^^^Jir/tSt 

these rates. This practice of conjuring up 
might happen in the dim and distant future 

rates is too remote an excuse for justifymg any possible retarda . 
tion in the forward movement of 

servation. because conservation is, in this ®yP ■ 

utilization; but we must have our answer, and the answe^is not 
t hat our rates are moderate-they won t b^eve it We can 

give that answer to those who will £ould 

ueople will discount such a statement; but our answer yy 
be this-that just as soon as this is a real danger and not a 
imaginarv one the state can intervene, as established by tne 
rlecisions^of the supreme court, and fix just and equitable rates. 
fthSc h is the^duty and a part of the business of ^n^s 

nee« to this comfry should sit back 

social solution of these problems, pass upon them, wlnle 
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the engineers sit on the fence and watch them do it. The engi¬ 
neers should get into the game early and meet the people who 
are interested in these things in a social way, and otherwise, 
and endeavor in every possible way to educate them. That is 
what they need. We have talked with many of them, including 
Mr. Ballinger and Mr. Pinchot, and have seen none of them who 
do not admit that they need ideas in regard to the practical, 
technical and economic bearing of some of these questions, which 
some of us are able to give them. 

W. S. Lee: Referring to Mr. Thomas’ remarks, he asks about 
the speed of wheels. We have on the system different heads, 
different size ponds, and consequently the plant with the small 
ponds must be run a longer number of hours, and in the case 
of the larger ponds a shorter number of hours, but with a larger 
peak load. All the waterwheels permit a certain variation of 
head and maintain the same frequency. We endeavor to reduce 
these heads as little as possible, it being our practice in ex¬ 
tremely low water to put in our steam auxiliaries in the early 
part rather than in the latter part of the week. While originally 
we had the idea that we would run the water as long as we could, 
and at the end of the week put in the steam to help out the week’s 
load, we find by keeping the head up in the earlier part of the 
week we get more power out of the system. 

Mr. Thomas also asked about voltage regulation. In order to 
meet the conditions with which we were confronted, that is, 
differences in voltage, we got out a standard set of specifications 
giving a list of taps which we were to have on all of our high 
tension transformers. This calls for a higher voltage to be run 
on the plant during the time of our heavy load hours. When 
the load goes off the cotton mills at six o’clock in the afternoon, 
the voltage on the whole system is lowered. This takes care of 
the drop in voltage in the line, the transformers being tapped with 
reference to the distance from the power house. The line which 
it is hardest to control the voltage on is the line that is not loaded. 

Mr. Thomas also asked some questions about sectionalizing 
the system. I will say that that is a question which I have been 
dodging in a way. We have certain' lines that go to stations or 
distributing points. We term them switching stations. From 
these switching stations the lines may branch out into a greater 
number of lines to cover different territory. We then go on to 
another point and break the line up into several more lines, 
supplying different points. All of these stations are provided 
with automatic switches or fuses. "We can sectionalize the dif¬ 
ferent parts of the system from time to time, putting one plant 
either on one side or the other. 

Mr. Thomas also is rather disposed to criticise the voltage we 
are going to, but I do not think I will answer that because he 
answered that point himself. He stated that perhaps it would 
be a good thing to use these higher voltages to run around and 
come back over greater distances, where there might be a reason 
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for doing this. That is what Mr, Burkholder does. It is fifty 
miles from here to Great Falls, and Mr. Burkholder does not 
hesitate to take the current to Salisbury and back again, and by 
the time it reaches Charlotte it has traveled 150 miles. 

Mr. Thomas also asked some questions regarding the distribu¬ 
tion of load. That iS' a question we do not know how to answer. 
You may have an idea that one particular section of this system 
is going to develop and you will be surprised to find some other 

develops much faster. ^ r i a. 

Regarding the remarks he made as to the location of 
the outskirts of the district, that is not possible, because the bulk 
of the power is brought up country and there may not be any 

water power in that particular district. ^ ^ 

Mr. Rushmore referred to steam auxiliaries and synchronous 

condensers. In connection with that, I will say that we are 
now installing some of this apparatus at Greenville, South Uaro- 
lina; we are installing a 10,000-kw. steam-turbme, which will 
operate as a synchronous condenser, and we are arranging to 
install another similar set at a point we have not yet decided 
upon, which will have a capacity of 6,000 kw. 
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A PRACTICAL METHOD OF PROTECTING INSULATORS 
FROM LIGHTNING AND POWER ARC 

EFFECTS 


BY L. C. NICHOLSON 


The problem of adequately protecting a high-tension trans¬ 
mission line against injury by lightning is an important one. 
Various solutions have been proposed, but it is generally con¬ 
ceded that complete protection of high-tension porcelain in¬ 
sulators from destruction by lightning effects has not been at¬ 
tained. Grounded overhead conductors, relief gaps on insu¬ 
lators, lightning rods supported on the transmission line structures 
or on separate structures alongside, and station-type lightning ar¬ 
resters at points particularly exposed, are some of the principal 
preventive devices employed, any of which serves to ameliorate 
conditions, but none of which affords ideal protection to the line. 

The 60,000-volt transmission lines of the Niagara, Lockport 
and Ontario Power Company from Niagara Falls to Syracuse 
and other cities in western New York, were placed in operation 
in July, 1906, just in the midst of the lightning season, and with¬ 
out any of the usual methods of line lightning protection. 
Troubles developed which, though not unexpected, proved of 
serious consequence to the successful transmission of power 
during lightning storms. There was little opportunity in that 
season to adopt any corrective measures, either experimentally 
or otherwise, but in the following years the company has ex¬ 
erted every effort to ameliorate these troubles. 

The experience of four years has served to indicate something 
of the real nature of lightning effects which result in insulator 
failures, and has led to the development of an inexpensive and 
efficient means of protection. The object of this paper is to re- 
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late the experiences and experiments leading to the protective 
measures finally adopted, which from one summer’s trial appear 
to be sufficient. 

This plant was thoroughly described by Mr. Ralph D. Mershon 
in a paper presented at the Niagara Falls Convention* June, 
1907. For purposes of reference, Fig. 1 shows the extent and 
description of lines, the connection and approximate capacity 
of the stations. 

Figs. 2, 3, and 4 show types of line structures employed. 
In all cases insulator pins are of steel and are grounded. 

Fig. 5 shows the principal insulator used, and, with the ex¬ 
ception of a few smaller ones of the same general design, the only 
type of insulator employed until 1909. This is known as the 

3-part main line ” insulator. Its principal dimensions are: 
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Fig, 1. —Diagram of transmission lines and stations—1909 


Diameter of^ headpiece, 14J in.; diameter of intermediate shell, 
13 in.; diameter of center shell, 11 in.; length of intermediate shell, 
12 in.; length of center shell, 17 in.; height over all, 19J in. The 
dry flash-over voltage, that is, the voltage which will cause 
a flash-over when the surface is dry and clean, is 195,000. The 
wet flash-over voltage at 1/5 in^ per minute precipitation at 
45 degrees is 120,000. 

Electrical tests on these insulators before their erection on 
the line consisted of 75,000 volts, three minutes on each part 
before assembling. The complete insulator was not tested 
after assembling. 

During 1906 only one line was in service to various points. 
By the beginning of the lightning season of 1907 the second 
(duplicate) line was placed in service, making a total mileage 

* Transactions A. I. E. E., VoL xxvi part ii, p. 1273. 
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of 400, containing 7000 structures and 23,000 insulators. Ex¬ 
cept for the addition of a few single branch lines from time to 
time, the lines have been virtually the same for three years. 



Fig. 2.—55-ft. tripod pipe towers 


Switching facilities and general operating conditions, however, 
have been constantly improved. Since early in 1908 automatic 
oil circuit-breakers have been used in the duplicate lines at all 
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important stations and paralleling points, making possible 
automatic sectionalizing of lines and a quick restoration of power 
in case of an interruption. 

Lightning troubles have been entirely confined to the line. No 
station troubles, chargeable to lightning, have developed. 


Fig. 3.—55-ft. structural steel towers, showing a relief gap, as used in 1907 

Experience clearly shows that lightning in the vicinity 
of the line induces high potentials between the line conductors 
and earth. This potential causes one or more insulators in 
that immediate vicinity to flash over or puncture, or to be 
shattered in some part or parts, even though no flash-over or 
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punct-ure occurs, or to be shattered by the power arc following 
the initial flash-over or puncture. These various causes inter¬ 
mingle their effects so as to obscure the first cause. Thus it 
has been found that insulators may be shattered completely 
either by pure lightning stresses, or by the heat of a power arc 



Fig. 4.—35-ft. wooden A-frame structure 


which follows the initial discharge from conductor to pin over 
the outside surface. Moreover, an insulator may puncture 
by lightning, and subsequently be shattered by the heat of the 
power current passing through the puncture, in which case 
it is impossible to say whether the puncture preceded the shatter¬ 
ing or vice versa. A fairly concise idea of the nature and mag- 
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nitude of the destructive forces may be gained by a study of 
the broken insulators in place. 

Fig. 6 shows a collection of twenty derelicts, resulting from 
a single severe storm, and gives a fair representation of how in¬ 
sulators are destroyed by lightning in combination with high- 
power effects. 

' The usual caes of line disablement involves a single insulator, 
which is either punctured from the cable or tie-wire to 
the top of the pin, or, being sufficiently strong to resist 
puncture, is broken by the flashover arc. Frequently 
several neighboring insulators are more or less damaged 



Fig. 5.—3-part main line insulator 

by what appears to be the effect of sudden mechanical forces 
which shatter or break the shells very much as a hammer 
blow would destroy them. 

Extreme cases infrequently occur when many insulators in 
a restricted locality are entirely destroyed. Such disturbances 
usually center at a particular line structure on which all the 
insulators may be entirely destroyed, and one or more insulators 
on several adjacent structures in each direction destroyed or 
injured, the injury decreasing in severity away from the focus. 
Even in the most severe cases, however, the entire effect is con¬ 
fined to within 2,000 feet of the line. Such accidents are at- 
uttribed to direct strokes on or very near the line. The mechan- 
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ical forces exerted on insulator parts in such cases appear to be 
enormous, breaking the porcelain into small bits of irregular 
and curious shapes, and distributing them over the right-of'-way 
for several hundred feet. Fortunately these extreme cases are 
of rare occurrence and do not enter largely into the lightning 
protection problem. 

Just where direct stroke effects les^ve off, 3 ,nd just where in- 
duced potential effects begin and end, is, of course, indefinite'. 
It is definitely known that a stroke 500 feet distant may cause 
a flash-over or puncture. It is thought that disturbances may 
be felt from bolts 2,000 or 3,000 feet away, this being also deter- 



Pig. 6.—Insulators removed from the line after damage by lightning 

and power ejffects 


mined by the size of the discharge, and perhaps by electrostatic 
conditions in general. 

The insulator problem as outlined above presented itself by 
the end of the lightning season of 1906, although at that time 
its nature was not appreciated as fully as it became later in the 
light of the subsequent experience. Thirty-five insulators 
were disabled by puncturing or shattering, out of a total of 12,000 
installed. These breakages occurred on eight different occasions 
and consequently caused as many extended interruptions to 
parts of the service. In addition, there were ten momentary 
interruptions caused by short-circuits or grounds which tripped 
the controlling circuit-breaker, but did not disable the line. 
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Analysis of the insulator failures with respect to their location 
showed a very remarkable result. The number of insulators 
disabled on the top wire was four times the number disabled on a 
single side wire, or twice the number disabled on both side wires. 

This result formed a basis for corrective measures which were 
taken previous to the lightning season of 1907. These devices 
consisted of relief gaps installed on insulators at regular intervals 
on the top wire of both duplicate lines, and the installation of 
high resistances in the neutral earth connections of star-con^ 
nected transformers. Fig. 3 shows the type and construction 
of the relief gap which was employed. 

These gaps were spaced 2200 feet on approximately 240 miles 
of line and 4400 feet on 100 miles, while on 60 miles no gaps were 
installed. At the time of selecting these spacings there was very 
little data for guidance. The only definite information avail¬ 
able was that during 1906, before the lines were used, insulators 
were destroyed within a mile of a point where all three conduc¬ 
tors were short-circuited and thoroughly grounded. The 2200- 
and 4400-foot spacing of the relief gaps on the top wire was 
adopted in an experimental attitude, the intention being to 
increase or decrease these distances as future experience dictated. 
The width of gap first adopted was six inches, corresponding 
to a discharge voltage of 70,000 volts, depending more or less 
upon weather conditions. This was also a subject of experiment. 

It was intended by proper spacing and setting of the relief 
gaps, to limit the maximum possible voltage between top con¬ 
ductor and earth to less than the puncture or flash-over value 
of the insulators, and thus prevent the failure of insulators 
on the top wire due to the usual lightning effects. It was also ex¬ 
pected that when discharging through the relief gaps, the top 
conductor would act to some extent as an overhead grounded 
conductor, and in this way afford some protection to the two 
side wires. An adjustable concrete resistance of 500 to 2000 ohms 
was connected in the neutral earth connection of the 
sending transformers, and 5000- to 10,000-ohm resistances 
at five different sub-stations in the neutral earth con¬ 
nection of star-delta connected receiving transformers. The 
purpose of installing these resistances was primarily to limit the 
discharge current to earth from the top wire through the relief 
gaps to a value which would not disturb operation, and the arc 
of which would quickly follow up the horns of the gap and dis¬ 
continue. In the same way it was thought that these resistances 
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would limit the power-current over an insulator containing no 
gap, in the event of a flash-over, to a value which would not work 
such havoc to the insulators as had formerly occurred when 
operating the system with thoroughly grounded neutrals. The 
5000- to 10,000-ohm sub-station resistances were, of course, 
not necessary to attain the end sought. They were installed 
as a precautionary measure against abnormal potentials which 
might accompany grounds on the system. Their use was later 
discontinued, all neutrals except that at the generating station 
being insulated. 

The operating results of the lightning season of 1907 did not 
fully justify the use of the reliefgaps from a theoretical standpoint, 
and showed them to be rather an objection than an advantage 
from a practical operating standpoint. 

It was early apparent that the gaps perfectly protected the 
insulators containing them, but that their protective influence 
was felt very slightly a short distance away on the same con¬ 
ductor, and was not felt at all on the two lower conductors. 
This was true with gaps set as low as in. 

The following tabulation shows the season’s results: 



Insulators 

Insulators 


disabled 

disabled 


on top 

on both 


wire 

side wires 

At a relief gap. 

0 

6 

220 feet from the nearest gap. 

2 

3 

560 feet away. 

15 

17 

1100 feet away... 

11 

13 

2200 feet away. 

On a 60-mile section contain- 

4 

1 

ing no relief gaps. 

.9 

6 

Total. 

41 

45 

Grand total. 


86 

Insulators on line—23,000. 



Relief gaps on line—750, approximately 25 per 

' cent of which dis- 

charged one or more times. 



These results demonstrate the extreme localization of lightning 
effects and the difficulty with which the charges travel along a 

conductor. 



It appears from this table that the net effect of the use of the 
gaps was to save some insulators on the top wire. The number 
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of line breakdowns was not reduced, while voltage disturbances 
and momentary interruptions were numerous. For this reason 
the relief gaps were removed before the lightning season of 1908. 
The grounded horn was left in place to act as a lightning rod. 
The concrete neutral resistance at the generating station was 
retained to prevent short-circuits between any one phase and 
ground. 

A study of the insulator failures of 1907 showed that the 
majority of them were due to puncture, usually from the tie- 
wire in the neck to the top of the pin. A few punctured vertically 
from the cable to the pin. Approximately 25 per cent, and per¬ 
haps more, were shattered by power arc following a complete 
or partial flash-over. Comparatively few, it is believed, were 
shattered by direct stroke, although about 40 were injured by 
lightning stresses, but were not incapacitated thereby. 

In view of the large proportion of punctures, it was decided 
to apply high potential to the lines and to weed out the weak 
insulators. This proved to be a slow and expensive process, so 
that very little was accomplished before the advent of lightning 
in 1908. A three-minute test of 100,000 volts to ground was 
applied to 109 miles of line containing 4000 insulators, and re¬ 
sulted in the puncture of 80. 

These tests showed what there was already good reason to 
suspect, viz.', that the insulators were not tested sufficiently be¬ 
fore erection, and that many of those on the line could not resist 
lightning stresses, and some were liable to fail from abnormal 
voltages incident to operation. As stated above, the insulator 
parts were tested to 75,000 volts each, but no test was made 
on the assembled insulator. 

The lightning season of 1908 was a particularly severe one, 
resulting in the destruction of 226 insulators and the injury 
of 100 more. 

The failures may be classified approximately as follows: 

1. Punctured: 

Top wire. 75 

Side wires. ^9 

Total.114 

2. Shattered by direct stroke: 

Top wire. 

Side wires. 9 


Total 


31 
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3. Shattered by power arc, following flash-over: 


Top wire. 56 

Side wires. 25 

Total. 81 


The 100 insulators which were injured were damaged by light¬ 
ning stresses, or by power arc effects. They were still operative, 
however, and were replaced at convenience. 

The lesson of the year was not new, but it showed more 
forcefully than had been realized before, that even if all insulators 
were capable of resisting puncture, they would continue to be 
shattered by a power arc following a flash-over. It was argued 
that by the proper testing of all insulators puncture could 
probably be prevented, but the fact that such a large number 
had been already destroyed by flash-over gave little reason to 
suppose that insulator losses and line interruptions could be 
materially reduced by providing puncture-proof insulators. 
They must be also fire-proof. 

The only practical way of making the insulators puncture- 
proof was to remove them from the line, test each one to its dry 
flash-over voltage and return the perfect ones to the line. There 
was some question as to whether or not such a test would be 
effective, since an insulator which would flash over under 25- 
cycle voltage from a testing transformer, might puncture under 
the sudden attack of a lightning shock. However, the fact 
remained that insulators, presumably sound and dry, had flashed 
over in service because of lightning, rather than puncture, and 
this justified the belief that a 25-cycle dry flash-over test was 
sufficient. Subsequent experience has verified this conclusion. 

A device for rendering insulators fire-proof, or rather proof 
against injury by power arc in the event of a flash-over, was 
developed to meet an obvious need. As shown by Fig. 7, this 
device consists of two metal rings concentric with the insulator, 
a lower one which is situated near the base being considerably 
larger in diameter than the insulator parts, and supported by 
grounded metal risers attached to the pin; and an upper one 
somewhat larger than the neck of the insulator, just opposite 
the tie-wire, suspended from the transmission cable, and elec¬ 
trically connected to it. Details of construction are evident 
from the figures. 

These rings serve as electrodes, to which the power arc au¬ 
tomatically transfers immediately after its formation between 
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the tie-wire and pin, over the surface of the insulator. When 
holding between these rings, the arc is removed sufficiently from 
the insulator to prevent injury to the porcelain by heat. 

It was determined experimentally that the intense and con¬ 
centrated heat at and near the ends of a large power arc is largely 
responsible for the damage wrought. This is particularly true 
of the lower terminal which passes up the pin to the heart of the 
insulator and shatters it. In other words, the insulator is 
broken from the bottom upward, by the lower end of the arc. 
The upper terminal, located on the tie-wire, is not so destruc- 



Fig. 7.—Arcing rings, to prevent injury to insulators by power effects 

tive, on account of the tendency of the arc to flare upward and 
away from the porcelain. If, however, the very crater of the 
arc comes into actual contact with the porcelain, l^y reason of 
being located on the nether side of the tic-wire, or by reason of 
burning the tie-wire in two, which it may do if it remains at a 
single point, the headpiece of the insulator will be broken. 

Considerable experimenting with high power arcs showed that 
the lower portion of the arc was averse to assuming anything 
like a horizontal position. It very much preferred not to make 
the bend about the base of the insulator to reach the pin. Thus, 
it was found that the lower arcing ring would take the arc im- 
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mediately after its formation to the pin, (which was accomplished 
by means of a fuse from tie-wire to pin, placed well up under 
the insulator parts) almost irrespective of the location of the ring 
with reference to the base of the insulator. On a quiet summer 
day, with practically no air movement to drive the arc away 
from the insulator, and naturally cause it to attack the ring, it 
was found that the arc instantaneously transferred from the 
pin to the lower ring, even though the ring was 20 in. larger in 
diameter than the base of the insulator, and as much as 4 in. 
below the base. The flaring nature and large size of these arcs, 
together with their tendency to assume an upright position afford 
the explanation of these results. 

In the absence of wind it was apparent that the arc traveled 
rapidly from place to place around the insulator, and did not 
remain in any one place long enough to burn the tie-wire seriously. 
For this reason the headpiece of the insulator did not suffer, 
except perhaps to lose a little glaze. Under wind conditions,. 
however, the arc hides behind the insulator on the leeward side 
and remains at or near one place on the tie-wire, sometimes 
burning it in two, and by coming into actual contact with the 
porcelain causes a breakage of the headpiece, but only the head- 
piece. The cure for this condition proved to be the use of a 
second ring about the head of the insulator, separated at all 
points from the porcelain. It was located just opposite the tie- 
wire, and of suflicient thickness fairly to resist serious burning. 

Numerous tests were made, using as high as 30,000-kw. 
generator capacity, which under the short-circuit conditions 
of the test delivered 1200 amperes at an initial voltage of 60,000. 
In no instance was an insulator when equipped with both arcing 
rings damaged to the slightest extent. Fig. 8 is a night 
photograph of a 30,000-kw. arc. An insulator with arcing 
rings, in the midst of the fire, does not show. It was perfectly 
whole and fairly cool after this experience. 

A typical case showing the manner in which insulators are 
destroyed by power arcs is shown in Fig. 13, which depicts an 
insulator destroyed in service by a power arc following a flash- 
over by lightning. 

The possible damage to the transmission cable by burning 
in the event of the upper terminal of the arc traveling out along 
the cable, owing to wind blowing in the direction of the line 
was fully dealt with experimentally, with and without arcing 
rings. It was found that a breeze of 3 miles per hour (estimated) 
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parallel to the line was sufficient to drive the arc out on the cable 
to a distance of 12 feet in four seconds. This was true whether 
the insulator was equipped with arcing rings or not. The amount 
of burning by three successive four-second applications of a 
1200-ampere arc is shown by Fig. 9. It will be noted that the 
cable is not damaged materially at any one place, but that the 
scarring is distributed. This cable, which is 214,000 cir. mils alum¬ 
inum, still retains 95 per cent of its original strength. 



Fig. 8.—-Night photograph of a 30,000-kw. 1200-ampere arc on an in¬ 
sulator equipped with arcing rings 


As to what direction of wind, with reference to the line, 
will just cause the arc to go out on the cable, it is concluded 
from test results and observations on lines in service that with 
sloping ties such as are used on these lines it is necessary that 
the wind blow at an angle less than 30 degrees to the direction 
of the line. This value is not materially influenced by the 
presence of arcing rings. 

Generally speaking, it is true that the transmission cables 
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are not more exposed to burning with arcing rings than without 
them, and in neither case is the burning at all serious. 

10 shows a section of cable blistered in service by a short-circuit 
arc from a generating capacity of approximately 60,000 kw. 

The arcing tests outlined above showed considerable latitude 
in the effective location of the lower ring. In addition, poten¬ 
tial tests were made to determine the effect of this ring in various 
positions upon the flash-over voltage of insulators. It is evi¬ 
dently possible to set the ring high up on and close to the in¬ 
sulator, and thereby materially to decrease the effective insulation, 
since the initial discharge may pass to the ring, either from some 
point on the insulator or vertically downward from the cable, 
instead of passing over the entire insulator to the pin. The 



1200-ampere arc 


extent of this influence not only depends upon the location of 
the ring, but in a fortunate way upon the condition of the in¬ 
sulator surface. Ihus the dry flash-over value may be reduced 
as desiied, to protect against voltages which are apt to puncture 
the insulator, while the normal minimum wet flash-over voltage 
need not be reduced. The insulator is thus left to develop its 
full flash-over value when most needed, and when least likely 
to result in puncture. 

These effects appear graphically in Fig. 11Curve a represents 
the ordinary performance of an insulator on a metal pin under 
spray, the flash-over voltage decreasing with the increase of 
water. Curve b shows its performance with the arcing ring 
so proportioned and so placed with reference to the insulator 
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parts as to effect a considerable reduction in the normal dry 
flash-over voltage, the initial discharge being to the ring instead 
of to the pin, without reducing the normal minimum wet flash- 
over voltage. Point designates neutral conditions at which 
the initial discharge is as likely to strike to the ring as to the pin; 
at slower precipitation it strikes to the ring, and at higher rates 
to the pin. Of course, different insulators and different rings 
give different curves, but in any case it is possible to detennine 
by experiment the size and setting of a ring necessaiy to accom¬ 
plish definite results, within certain limits. Comparatively 
long insulators lend themselves best to such protection, and 
other things being equal, they need it most. 

An important advantage arising from the use of a ring for this 
purpose, especially on long insulators of the type under con- 



Fig. 10.—214,000 cir. mils aluminum cable burned in service bv a short- 

circuit arc fi'om six 10,000-kw. generators 


sideration, is that the total reduction of voltage is effective on the 
lower part of the insulator, and relief is given where most needed. 
Thus it is well known that in an insulator of the pin type, the 
shell next the pin is subjected to more than its proportion of 
the total voltage acting. The potential gradient from the top 
of the grounded metal pin to the tie-wire in the insulator neck 
is believed to be such as to impose about 50 per cent of the 
total applied potential upon the pin-piece or inner shell of the 
insulator under consideration. At dry flash-over, therefore, the 
inner shell must resist a puncturing e.m.f. of something near 
100,000 volts. This excessive potential on the inner shell may 
be reduced as much as desired by placing the lowcn: arcing ring 
in proper proximity to the edge of the second or intermediate 
shell. A definite spark-gap is thus provided in parallel with the 
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lower part of the insulator, insuring the inner shell against punc¬ 
ture and, therefore, in all probability, the entire insulator. 
Moreover, when a discharge of short duration occurs from, say 
the edge of the second shell to the lower ring, it is evident that 
the resistance of the surface of the insulator above the edge of 
the second shell is in series with such a discharge and has some 
deterrent effect upon-the passage of the power-current. This 


VOLTAGE 


DRY FLASHOVER 



Fig. 11.—Flash-over characteristics of an insulator under spray, with 

and without arcing rings 
{a) Without arcing rings 

(6) With arcing rings adjusted to lower the “ dry flash-over ” without 
affecting minimum “ wet flash-over ” 


is purely an operating advantage. Several cases have been dis¬ 
covered on the lines in service where such action has occurred. 
It is believed to be infrequent, however, since if an insulator 
flashes over by lightning, either partially or totally, the power- 
current is very apt to follow. 

In addition to these considerations, the earth potential brought 
up around the insulator undoubtedly has an effect in ameliorating 
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the puncturing tendencies of high potentials, and provides more 
favorable electrostatic conditions at times of sudden shock. 
On this account it was thought that the long three-part insulator 
would suffer very much less than formerly from breakage of 
parts by lightning strains, and this has been fully substantiated 
by experience. 

Before the summer or lightning season in 1909 a corrective 
programme as outlined below had been adopted and executed. 

All the insulators on one of the duplicate lines and on some of 
the important branches, 195 miles in all (see Fig. 1) with more 
than 11,000 insulators, were removed frorn the line and subjected 
individually to a three-minute dry flash-over test of 195,000 volts 
from a 50-kw. 25-cycle testing transformer. Those which stood 
this test were returned to the line, and were installed on the two 
lower wires exclusively. 

The results of this test are interesting and are shown in the 
following tabulation: 

Total number of insulators tested (recorded).10480 

Total number failed by puncture of one or more parts.... 4172 
Per cent failed. ^ qq fc 


Individual parts failed as follows: 



, Number 

Per cent 

Per cent 


of 

of 

of 


insulators 

number 

number 


failed 

failed 

tested 

Headpiece only. 

504 

12.1 

4.8 

Intermediate piece only. 

229 

5.5 

2.1 

Pin piece only. 

2317 

55.5 

22.1 

Head and intermediate pieces. 

34 

.8 

.3 

Head and pin pieces. 

28 

.7 

2 

Intermediate and pin pieces. 

830 

19.9 

7.9 

All three parts. 

230 

5.5 

2.1 


It is seen that 81.6 per cent of all failures involved the pin- 
piece, and that 55.5 per cent involved the pin-piece only. 

It is only fair to say that these dry flash-over tests are very 
much in excess of any requirements which were anticipated at 
the time of the manufacture of these insulators. Had they been 
tested complete before their first installation, it would have been 
at a voltage certainly not in excess of 150,000, which is at present 
considered fairly high for a three-part 60,000-volt insulator. 
Prior to inaugurating flash-over tests on insulators from the 
line, some 2,000 insulatois in stock were tested to 150,000 volts, 
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3 minutes, resulting in a loss of 7 per cent, which cannot be con¬ 
sidered excessive for an insulator of this shape. 

On the top wire where most damage by lightning had occurred 
in the past, and on the lower wires to the extent necessary to 
accomplish their insulation, a new type of insulator, shown in 
Fig. 12, was installed. This is a four-part insulator of about the 
same outside diameter as the old style three-part insulator, but 
considerably shorter, 6 inches in fact. It flashes over dry at 
190,000 volts, and wet at 105,000 volts. The individual parts 
and the assembled insulators were tested to dry flash-over voltage 



Fig. 12.—New style four-part insulator installed on top wire, 1909 
Also shows method of attaching arcing-ring supports to cylindrica 
pins 

for 3 minutes. There was a loss of 3 per cent of assembled in¬ 
sulators by this test. 

An insulator of this design was selected in the light of ex¬ 
perience, which clearly indicated that long insulator parts can 
ill resist the mechanical stress of lightning shocks, and that three 
thicknesses of porcelain are not sufficient safely to resist puncture 
in insulators having high flash-over characteristics. Moreover, 
short shells allow sufficient creepage at high voltage to effect 
a more nearly uniform distribution of potential upon the several 
parts, which prevents the puncture of any single shell by a dis¬ 
proportionate division of potential In short, this four-part in- 
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sulator was designed to flash over rather than to puncture, and 
to do this with some margin of safety against puncture. 

Lower arcing rings were installed on all insulators in such a 
manner that relief occurs at a maximum of 160,000 volts, and also 
in sucha manner that wet flash-over values are not reduced. The 
maximum puncturing potential is thereby limited to approximately 
30,000 volts less than the actual voltage which all insulators with¬ 
stood under test,thus effecting a fair margin of safety against punc¬ 
ture. This result is accomplished by the use of a 26-in. by |-in. iron 
ring, located approximately 2-^ in. above the base of the three-part, 
and 2 in. below the base of the four-part insulators. It was thought 
that this relief was desirable for the three-part insulator, since prac¬ 
tically the entire 30,000-volt reduction tends to relieve the inner 
shell, the one most liable to puncture. While not considered 
necessary for the four-part insulator it is not objectionable, and 
gives the advantage that the lower arcing ring is in a better 
location to attract the power arc, since this insulator is, com¬ 
paratively speaking, a very short one. 

Upper arcing rings were not installed until late in the season, 
after experience had shown them to be necessary. 

The second line was not tested or protected in any way. 

Since both lines are on the same right-of-way for a considerable 
distance, and in general pass through the same section of country, 
being at most a few miles apart, a definite comparison of the 
operation of the two lines for the lightning season of 1909 shows 
the value and effectiveness of the reinsulation and arcing ring 
protection. Also a comparison of these results with those of 
former years is of interest. It is to be remarked that the line 
selected for reinsulation is, when on a separate right-of-way, 
the southerly one, and apparently lies more in the usual path of 
electric storms than the one which was not reinsulated. 

Table I is a comparison of lightning effects on reinsulated and 
non-reinsulated lines during 1909. 

Item 1 shows that one insulator was disabled on the reinsulated 
lines against 64 disabled on the non-reinsulated lines. Fig. 13 
pictures the one insulator lost on the reinsulated line. This is 
a clear case of breakage by power arc, after flashing over by 
lightning. It occurred early in the year, before inspection of 
the work had been made. This failure was due to improper 
installation of insulator and ring. The 54 insulators disabled 
on the non-reinsulated lines were destroyed in the same way as 
were those lost in former years, ms?., shattered by lightning, 
shattered by power arc and punctured. 
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TABLE I, SHOWING LIGHTNING EFFECTS ON REINSULATED AND NON-RE- 

INSULATED LINES, 1909 
Reinsulated lines 195 miles, 11,078 insulators. 

Non-reinsulated lines 217 miles, 15,121 insulators. 

(Reinsulated lines are indicated in Fig, 1.) 




Non- 


Reinsulated 

reinsulated 

Item 

lines 

1 

lines 

1. Insulators disabled. 

1 (a) 

13 (6) 


2. Insulators injured (replaced at convenience). 

3. Occasions on which a line was disabled by breakage of 

0^ 

36 

one or mote insulators. 

1 (a) 

15 (c) 

4. Short circuits or grounds which tripped controlling 

circuit breakers but did not disable the line. 

5. Number of days on which lightning was observed at 

19 

12 (c) 

one or more points on the svstem. 

44 

44 


(a) Broken by power arc. Insulator and rings were improperly installed. 


(6) Nine injured in headpiece by power arc—no neck rings installed. One injured in 
lower skirts by power arc. Three injured in lower skirts by lightning stresses. 

(c) Low, on account of practice of removing voltage from 110 miles of non-reinsulated 
line during lightning, to prevent breakage by power effects, and to obviate attending 
disturbances. 


Item 2 shows that 13 insulators were injured on the rein¬ 
sulated lines. A careful inspection of these lines was made after 
lightning storms to determine the exact performance of the 
arcing rings, and to learn whether or not their location was such 
as to give the desired results. The results of this inspection 


are as follows; 

Total number of-fiatsh-overs found.38 

Flashed but not injured.24 

Headpiece injured (no upper ring installed). 9 

Skirts injured by power arc. 1 

Skirts injured by lightning. 3 

Insulators disabled by power arc (improperly installed). 1 

Arced to pin before transferring to ring.16 

(10, 4-part; 6, 3-part) 

Arced to ring only.21 

9, 4-part; 12, 3-part) 

Arced to pin only. 1 

(4-part insulator destroyed) 


No insulator was punctured either totally or in any of its parts. 
Fig. 14 shows an insulator, protected by a lower arcing ring, 
which flashed over successfully. 

Fig. 15 pictures an insulator, the headpiece of which was 
broken by a power arc, burning the tie-wire in two. Eight 
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others were affected similarly. No upper arcing rings were 
installed on any of the insulators which were broken in this 
manner. 

Fig. 16 shows the damage done by lightning stress to a three- 
part insulator. It had not flashed over. Three were injured in 
this manner. 

Item 3 shows one occasion on the reinsulated line, and 15 
on the non-reinsulated line, when the lines were disabled by the 
failure of one or more insulators. The single failure on the re¬ 
insulated line was due to the one insulator appearing in Item 1, 



Fig. 13.—Four-part insulator de- Fig, 14.—Insulator, protected by 
stroyed by power arc. The only lower arcing ring, which flashed 

insulator disabled on the rein- over successfully 

sulated lines 1909 

Item 4 shows momentary line interruptions caused by grounds 
or short-circuits, in which instances the lines were not disabled, 
but were all right for service at the next application of power, 
usually within thirty seconds. There were 19 of these interrup¬ 
tions on the reinsulated lines and 12 on the non-reinsulated 
lines. The fact that there were fewer on the non-reinsulated 
lines is believed to be due to the operating practice of removing 
voltage from more than a hundred miles of non-reinsulated line 
during the known progress of lightning storms in the vicinity 
of the lines. This was done to obviate damage by power arcs, 
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and to prevent attending disturbances to the system. It 
is interesting to note that this section of non-reinsulated line 
was disabled twice while no voltage was on it. 

Considering Item 4 in conjunction with the results of line 
inspection mentioned above, it is evident that the lower arcing 
ring is not close enough to reduce the degree of insulation of the 
line under the average conditions of moisture during lightning 
storms. This is shown by the slight difference in the number 
of the momentary interruptions on the two lines, and by the 
fact that on the reinsulated lines in about half the instances 



Fig. 15. —Insulator injured in head- 
piece by power arc. No upper 
arcing ring was installed 



Fig. 16. —Insulator with second 
shell injured by lightning 
shock 


the initial discharge was to the insulator pin, and in about half 
to the arcing ring. At the same time all puncturing of insulators 
has been eliminated. For these reasons it is believed that the 
rings have been placed so as tb operate as originally intended. 

Item 5 shows the number of days on which lightning was 
observed at one or more points on the system. This item is 
interesting in connection with Tables II and III. 

Table II is a comparison of lightning effects on the reinsulated 
lines during 1909, and on the same lines previous to reinsulation 
during the years 1907 and 1908. 
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Table III is a comparison of the lightning effects on the non- 
reinsulated lines of 1909 and on the same lines in 1907 and 1908. 

These tables are self explanatory. Attention is called to the 
extra severity of the lightning season of 1908, and to the fact 


TABLE II, SHOWING LIGHTNING EFFECTS ON REINSULATED LINES DURING 
1909, AND ON THE SAME LINES BEFORE REINSULATION DURING 1907 

AND 1908 


Item 

1907 

1908 

1909 

1. Insulators disabled. 

59 (a) 

139 (c) 

1 

2. Insulators injured (serviceable). 

IG 

35 

13 

3. Occasions on which a line was disabled by the breakage of 
one or more insulators. 

12 

2G (c) 

1 

4. Short-circuits or grounds which tripped controlling cir¬ 
cuit-breakers but did not disable the line. 

32 (b) 

38 (c) 

19 

5. Number of days on which lightning was observed at one 
or more points on the system. 

41 

54 

44 


(a) Low, on account of relief gaps. 

{b) High, on account of relief gaps. This is one-half the total number on the entire sys¬ 
tem. In addition there were 100 grounds and short-circuits on the system which did not 
trip circuit-breakers. 

High, on account of severity of season. 


TABLE III, SHOWING LIGHTNING EFFECTS ON THE NON-REINSULATED 

LINES OF 1909. DURING 1907. 1908 AND 1909 


Item 

1907 

1908 

i 

1909 

1. Insulators disabled.. 

29 

81 (b) 

54 

2. Insulators injured (serviceable). 

15 

66 

36 

3. Occasions on which line was disabled by breakage of one 




or more insulators. 

9 

23 (b) 

15 

4. Short-circuits or grounds which tripped controlling cir- 




cuit-breakers but did not disable the line. 

32 (a) 

42 (b) 

12 (c) 

5. Number of days on which lightning was observed at one 




or more points on the system. 

41 

54 

44 


(a) High, on account of relief gaps. This is one-half total number of entire system. In 
addition there were 100 grounds or short-circuits on the system which did not trip 
circuit-breakers. 

(b) High, on account of severity of season. 

(^r) Low, on account of operating practice of temoving voltage from 110 miles of line 
during lightning storms. 


that the lines which were reinsulated in 1909 had formerly 
received rougher treatment than had the other lines. 

From Table III it appears that lightning effects in 1909 were 
slightly more than half those in 1908, and somewhat in excess ol 
those in 1907. It is therefore believed that the reinsulated 
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lines have been subjected to a lightning season of average in¬ 
tensity. 

Concrete instances may be cited which show definitely that 
protected insulators have withstood severe lightning. In sec¬ 
tions where the lines are 26 ft apart on the same right-of-way, 
insulators were destroyed on the unprotected line in quantities, 
and in a manner which indicated extraordinary lightning sever¬ 
ity. On the protected line in the same locality insulators 
flashed over uninjured. On six known occasions all the insulators 



Fig. 17.—Arcing rings applied to a suspension type insulator 

on a structure discharged, and on six other occasions two in¬ 
sulators per structure were involved. Of the 38 protected in¬ 
sulators which are known to have been affected. 21 were on the 
lower wires. These results are all indicative of severe lightning 
effects. 

This experience with sound insulators protected by arcing 
rings justifies the feeling that extended interruptions due to 
line breakdowns by lightning will be very rare in the future, 
if they do not entirely disappear. Prevention of occasional 
momentary disturbances, caused by the discharge of one or more 
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conductors to ground from the effects of lightning, is believed to 
be impossible, since potentials exist at times which are too great 
to be insulated, and too severely localized to be relieved by light¬ 
ning arresters at a distance. Duplication or multiplication of 
circuits controlled by proper automatic sect ion alizing apparatus 
tends to prevent such interruptions from reaching the service. 

Virtually no experience has been had with arcing rings on 
untested insulators. The work of applying them on the re¬ 
mainder of the system, omitting the testing of insulators, is in 
progress at present. In view of the material protection against 
puncture which the lower ring affords to the pin-piece of the 
three-part insulator, which piece, as the testing of 11,000 of these 
insulators shows, is the one most liable to puncture, and which 
if saved will probably result in saving the entire insulator, 
satisfactory results are anticipated. 

Before undertaking the rather expensive experiment of rein¬ 
sulating its lines and equipping them with arcing rings, the com¬ 
pany sent representatives to various transmission plants in the 
United States and Canada to inquire about line troubles in general, 
and particularly regarding the effectiveness of overhead grounded 
conductors. The result of this investigation was not altogether 
favorable to the overhead ground wire. Various opinions were 
obtained expressing its usefulness and its uselessness. No plant 
comparable in extent and type of construction with the one under 
consideration was discovered which did not have to contend 
with the shattering and puncturing of insulators by lightning, 
as well as with occasional short-circuits during lightning storms. 
Considering the heavy expense of properly installing an overhead 
grounded conductor, and the extra load it would impose on the 
line structures, together with a large element of uncertainty 
as to its efficacy, the idea of installing one was abandoned. 

While intentionally designed to protect insulators ’ mounted 
on grounded metal pins it is believed that grounded rings would 
be beneficial to insulators on wooden pins also. 

In view of the extensive use of suspension insulators, some 
experimental work has been carried on which indicates the neces¬ 
sity for, and effectiveness of, arcing ring protection on this type 
of insulator. The arrangement shown in Fig. 17 apparently 
accomplishes the desired results. 
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Discussion on “ Practical Methods of Protecting Insu¬ 
lators.” Charlotte, March 31, 1910. 

President Stillwell: Gentlemen, we have listened to a very 
interesting paper on a device which I believe is quite new in 
the art, and original with Mr. Nicholson or his associates: 
a device that, aside from the results obtained in connection with 
the plan used in the Niagara Falls construction, will probably 
be tried in many other instances. At any rate, it appears to 
me highly suggestive and important in this connection. I 
believe that if the attention of our designing and operating 
engineers can be concentrated in respect of overhead transmis¬ 
sions, on the subject of automatic limitation of the destructive 
effects of a short circuit, results of great value can be accom¬ 
plished. 

I recognize fully the enormous difficulties presented, but 
they are no greater to-day, apparently, than the analogous 
difficulties which we faced twelve years ago in connection with 
underground work, and to-day the underground cable systems 
are equipped with automatic devices which protect the service 
so that when a cable fails the only indication of that fact is 
given by the recording instrument at the power house and the 
substation. In the case of the Interborough system in New 
York City, there are, I think, five hundred miles of 3-phase cable 
in service operating at 11,000 volts. The difficulties that 
troubled us greatly five years ago are substantially eliminated, 
and the last time I asked Mr. Scott, who is in charge of the 
operations of these plants, about his interruptions of service, 
he said he had forgotten the subject. The records showed they 
had seven failures of cables during the previous year but not 
one of them caused an interruption of the service. 

In the case of the Southern Power Company, where networks 
of distribution are being built, it will be possible some day, 
perhaps even now, to use automatic circuit-breakers in a way 
which will reduce very materially the commercial interruptions 
resulting from lightning or other short circuits on the line. 

F. P. Catchings: I think in many respects that this paper 
which Mr. Nicholson has presented this afternoon is one of the 
most important we have listened to at this meeting. For one 
reason, particularly, I think so; the problems and difficulties 
of obtaining the money and financing transmission systems 
or power plants, and then putting them together, building them 
after we have obtained the money, you might say are more or 
less minor difficulties, which we understand and which can be 
overcome, but the effects of lighting and allied phenomena are 
rather more obscure, and one of the prime necessities, if not the 
most important requirement, is to keep these plants in operation 
—to see that there is a continuity of service. I think the 
statement in that connection given by Mr. Nicholson sounds 
the key-note of the whole situation where he says: ‘'No plant 
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comparable in extent and type of construction with the one 
under consideration was discovered which did not have to con¬ 
tend with the shattering and puncturing of insulators by light¬ 
ning, as well as with occasional short-circuits during lightning 
storms.” I think that right there, in that paragraph, is a 
challenge to the electrical engineers of this country, because no 
niatter how much money is invested in the plant and distribu¬ 
tion system, unless fairly constant, or nearly constant service 
can be given, it will not be as successful as it would be 
otherwise. 

The company with which I am connected attacked this 
problem of insulator puncturing and smashing in a manner 
similar to that undertaken by Mr. Nicholson, except that we 
placed the horn gaps on the towers, about 500 feet apart, previ¬ 
ously trying the plan of building horn lightning arrester sta¬ 
tions every mile or so, and we found, as Mr. Nicholson did, that 
insulators would puncture on the adjoining tower, within 
five hundred feet of a five-inch or six-inch gap to earth, so that 
these discharges and surges were probably of such great fre¬ 
quency that they would not travel 500 ft. of the copper cable, 
but would discharge through or over an insulator; a horn gap was 
then placed on every insulator. The line is about fifty miles 
long, 50,000 volts, Y-connected, and there are some 1,500 of 
these gaps on the line. They are spaced about five inches, there 
being approximately 30,000 volts difference of potential between 
the two horns. We have had the horn gaps on two years or 
more, and in that tim.e only lost two insulators. One of these 
was weakened by having been shot with a rifle, so it was not 
full strength, and the other was punctured through the top. 
As Mr. Nicholson brought out, it is much more desirable to have 
momentary fluctuations in voltage or winks of voltage in the 
line than to have an insulator punctured or smashed and be 
shut down for several hours. The customers will stand the 
winks far more readily than they will the shut-down. 

There is one question I will ask Mr. Nicholson; is there any 
drop in voltage caused by the discharge between his arcing- 
rings ? 

J. W. Fraser: It seems to me that Mr. Nicholson’s solution 
of this matter is a very good one, and I think you will all agree 
with me that he has given us something which will be of lasting 
benefit. He has found a way to protect the insulators, but he 
has not yet discovered any way of preventing short-circuits. 

I was glad to hear our President say that he expects in the 
next few years to see a distributing system so equipped with 
automatic circuit-breakers as to be able to cut out lines which 
were hurt by lightning or in any other manner. I think we 
need such automatic regulation very much. It has occurred 
to me several times and has been impressed upon me lately, 
that the factor of safety in insulators is entirely too small, and 
I should like very much to hear the opinion of the transmission 
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engineers here in regard to this point. It is customary to use a 
three-part insulator for 50,000 volts, and a four part insulator 
for 66,000 volts, and any one who has done any testing on in¬ 
sulators knows that between 50,000 and 60,000 volts, as a rule 
is all that can be depended upon for one piece of porcelain. It 
seems reasonable to expect that interruptions could be greatly 
decreased by increasing the insulation of transmission lines. 
When we step, say from 50,000 to 100,000 volts, we practically 
cut the copper to one forth the original area, and we believe 
that part of this saving could be well invested in insulation. I 
have been making a rough mental calculation, and I find that 
doubling the insulation on a 100,000 volt line, increases the entire 
cost of the whole system about 7.5 per cent. If this extra in¬ 
vestment would cut the interruptions in two, the money would 
certainlv be well spent. 

E. E. F. Creighton: The protection of insulators is one of 
the problems that has not received enough attention. It is the 
most important one in protection at present. The problem 
of the protection of apparatus against lightning is solved. The 
information and data given by Mr. Nicholson is of great value. 

One thing particularly that needs comment, and needs the 
aSvSistance of all transmission engineers, is the subject of the 
spill-over of the power from the insulators, with strokes of light¬ 
ning, not on the line, but near the line. Mr. Nicholson gave two 
cases only where the lightning stroke was about a quarter of a 
mile from the line, that caused flash-overs of the insulators, 
lie gave another cUvSe, where the distance, I believe, was seventy 
feet, on an adjacent telephone line, and that also caused flash- 
overs. Up to the i)rcsent time the use of the overhead ground 
wire is about the only protection advocated for lines of moderate 
potentials. This particular system has no overhead grounded 
wire, and it would be a very valuable thing to know whether a 
stroke as near the line as 70 feet would have caused a spill-over 
on the insulators if overhead grounded wire had been installed 
for protection. 

It is difficult to get information on this subject, and I would 
like to .suggest one definite method of study—that is by pho¬ 
tography. During night storms [joint a camera in each direction 
along the lines, at a point as far above the line as possible; 
change the film after each flash, note whether it causes a flash- 
over (jf any of the insulators, and note also by means of station 
recorders the simultaneous di.sturbance in the station, especially 
of the lightning arresters. At the present time there is being 
put on the market a definite discharge recorder, which will 
record the exact time when a discharge takes place in a lightning 
arrester, also tell the phase in which it occurred, and whether 
it extended to ground or not. It will also give a measure of 
how long the discharge continued through the lightning arrester 
and an indication of the current or quantity of electrolyte by 
the size and nature of holes it bores. 
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I will ask Mr. Nicholson whether he has any further informa¬ 
tion of the effect of strokes near the line in causing spill-overs. 

If lightning strikes directly on a pole or tower it seems evident 
that a discharge must take place over an insulator of the power 
line—even if an overhead grounded wire is used. 

J. S. Jenks: My intention is not to discuss this most important 
paper this afternoon, but rather to give you a few conditions 
which the West Penn System has overcome and some slight 
idea of our methods of determining the cause and rectifying 
same, giving us reasonable protection and practically the same 
effect that Mr. Nicholson has obtained in his plant. 

In the first place we started with the lightning arrester. We 
made very exhaustive tests and records. We not only recorded 
the time of each discharge on record sheet, but also the phase 
and the territory in which the discharge occurred. We have 
continued this record up to the present time and expect to con¬ 
tinue it indefinitely, to a certain extent, in that we keep a record 
of every arrester which discharges; a record of every storm 
which occurs and when it reached each portion of the system. 
We also have a telephonic report from each station on our system 
telling of the coming of a storm. This places the operating 
force in position to be ready to manipulate any switches or make 
any changes in the operation which we think essential. 

Our transmission system consists of a loop of 185 miles of 
line, divided into seventeen sections and fifteen substations. 
Each section is protected by relief gaps and disconnecting switches 
as it enters and leaves the substation., Just inside of the sub¬ 
station wall it is protected with a lightning arrester; then it 
passes to the automatic switch and to the bus. The buses 
have disconnecting switches in the center, making it possible 
to divide the system at any point, operating one-half the system 
from either direction. This makes a flexible method of cutting 
out any one section that is in trouble. 

We experienced trouble from the flashing over of the insulators, 
where we were protecting railroad crossings with grounded 
pins and arms, in line with railroad specifications. The majority 
of our construction is wooden poles, wooden arms and pins, 
where we have had no trouble from flashing over. We over¬ 
came the flash-over troubles by taking a lead from the top of the 
insulator to one side, letting the discharge go to the grounded 
arm a safe distance from the insulator. We found this ad¬ 
visable, rather than letting the discharge strike from the line, 
on account of the trouble we had with aluminum, due to burns. 

I notice that Mr. Nicholson’s experience with aluminum due to 
burns has been different from ours. We have had numerous 
lines down—in fact, three cases of trouble before the current 
was put on the line, due to burns from lightning. 

I have brought with me a few samples, which I think some of 
you may be interested in, showing results of small burns on 
aluminum wire. We did not test or change the insulators, we 
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obtained our relief without any such expense; as Mr. Nicholson 
says, it was expected to get relief, from the second line, by 
simply putting in a discharge gap. I trust the relief will prove 
satisfactory and justify the risk. The possibility of increased 
business on the strength of continuity of service is a matter 
that has been very serious with us. We are in a gas field where 
we are competing with natural gas sold as low as four cents 
per 1,000 cu. ft. for power, and twenty-five cents to any person who 
wants it in the smallest quantity. We have been able to bring 
our time efficiency—which is based on the effective kilowatt 
capacity—from about 80.2 up to 99.996. Those last two nines 
were very hard to get. We have been able to bring it up to 
this high standard simply by having the automatic devices 
kept in perfect order, inspected at regular intervals and tested. 
When we get a case of direct stroke, or something of the kind, 
we frequently have the section between two substations dropped 
out of service; we try closing the line breakers; if we get a short- 
circuit or ground the line is left off and inspected. We have 
a great many strokes, spill-overs or surges caused by some stroke 
in the vicinity, which are simply relieved without any interruption 
whatever. 

A word in regard to the factor of safety on insulators. Our 
transmission carries 25,000 volts. We have, after some little 
season of experiments, raised our factor of safety higher than 
the majority of people. We endeavored to get a factor of safety 
of five on the insulator we used, never putting on an insulator 
that has a factor of safety less than four. Sometimes the 
manufacturer will fail to be able to give us five as a straight run, 
but we compromise and take anything that is not less than four. 
That is a standard a little higher than most company’s. 

As to the possibility of direct stroke in the vicinity of lines, 
we have a record in our office which shows that we had three 
poles shattered by lightning and knew nothing of it, did not even 
have a surge. These poles support twO' three-phase lines, the 
lines being arranged with the long arm on top, the wires equi- 
laterally placed, and the apex at the bottom. The poles were 
shattered between two wires only thirty inches apart. So far 
as we know, that actually happened without even giving a dis¬ 
turbance of voltage. The way we arrived at that conclusion is 
that our inspectors, who inspect and make records of everything 
which they find on the line, the condition of every pole and every 
little chip out of an insulator, etc., inspected the line one day 
and reported the line in perfect condition; two days following, 
a very severe storm in the meantime intervening an inspector 
reported three poles right together which were shattered where 
the lines crossed over a telephone line. We considered very 
seriously the matter of overhead ground wires for guarding our 
line at one time, when we were having the majority of our 
trouble, but after some experiments with iron wire and fixtures 
in the coke region where the detrimental effects of the sulphur 



PRO TECTING INSULA TORS 


Mai’ch 31 



fumes on the iron wire are prevalent, it was decided to let the 
grounded wire and fixtures necessary to support the same alone, 
and go to an increased factor of safety on our insulator, and have 
some relief gaps for the line. 

C. F, Scott: There are two sides to this paper, one that has 
been presented by Mr. Nicholson, recounting the history of dif¬ 
ferent ways of doing things and results obtained, and another, 
looking at it from the standpoint of the kind of problem which 
was presented some two years ago to the transmission company 
with which he is connected. The conditions are something 
like this: The company had its important line in service, the 
insulators were proved inadequate, the exigencies of speed 
in construction had necessitated, putting up insulators without 
complete tests, and the best thing under the circumstances was 
probably to do as it did, although it had to take certain chances. 
It was found then that some of the insulators on these lines, which 
extended out hundreds of miles, were breaking down. More than 
that, it was found that when the insulators themselves were 
possibly in good condition, the conditions were such there would 
be a flash-over even on a perfect insulator which might destroy 
the insulator. One of the first requisites was to determine 
some method of finding the bad insulator, which might be one 
mile, or ten miles, or fifty miles out on the line, it being almost 
impossible to see by inspection if they were punctured or not. 

The result was the invention of the very elegant method of 
locating defective insulators described in a paper by Mr. Nichol¬ 
son before the Institute some two years ago. Now, Mr. Nichol¬ 
son has pointed out how very difficult it was to make tests of 
insulators on the line and to replace the poor ones. Different 
methods were tried, spark gaps were put up at intervals on the 
upper wire, which was the one which was damaged most often, 
and yet this proved inadequate. What was to be done? Most 
of us would condemn the insulators and say that new insulators 
should be provided, but it was impracticable to get new insula¬ 
tors at once. Mr. Nicholson took the conditions as they were, 
and in a way which now seems simple, and obvious after you 
see it, but not before you see it, he made this simple addition for 
the protection of the insulators, meeting an emergency, which 
was a very serious commercial condition. It is not a matter for 
laboratory tests in which it makes but little difference whether 
the result comes out one way or the other, but it was a very 
serious emergency condition on a very important transmission 
line which must be in continuous operation, where the facilities 
for making tests were very meager. And under these condi¬ 
tions, leaving the insulators as they were, he has devised a method 
for the protection of these insulators; and the simpler the 
method the greater the ability required to discover and apply 
such a method. The idea of putting some kind of a spark 
gap or lightning rod all around the bottom of an insulator is 
rather ridiculous when ’ proposed at first, but it is because he 
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has taken that simple and ridictdous thing, and gone ahead and 
accomplished a notable resnlt that I think marks one of the 
greatest strokes of ability in the work which he has done. 

Most of the pictures of insulators do not look formidable 
in size, because we have nothing to compare them with, but on 
one page in Mr. Nicholson’s paper we see a piece of an insulator 
placed alongside of a barrel, and we see that it is about half the 
size of the barrel. The size here is about the limit, it seems to 
me, in physical dimensions and weight which is permissible for 
the upright pin insulator. As we go to these higher voltages 
new elements come in which are not found with the little in¬ 
sulators. This matter of flashing over and breaking off petti¬ 
coats is a thing that has come up in the larger insulators. Again, 
in the three-part insulator, the distribution of potential within 
the insulator, which. Mr. Nicholson pointed out, becomes a 
serious matter. The different parts of the insulator, which are 
cupped one inside the other, do not distribute the voltage- 
uniforml}^ but the inner part of the insulator, next to the head 
of pin, probably has to sustain an e.m.f. of twice as much per 
tenth of an inch, as that toward the outside, and it is a re¬ 
markably fortunate thing that the new distribution of potential 
caused by the placing of the protective rings tends to more 
nearly equalize the voltage strains throughout the insulator. 

As to a minor point, that of the factor of safety, Mr. Frazer 
thinks that it would be well if we could double the present factor 
of safety. I wonder if we had insulators which were twice as 
good as at present whether we would not shift up the 100,000 
volts.and make it 150,000 volts for the transmission line, and thus 
tend to retain the present factor of safety. That would be the 
temptation certainly. 

Another question should be asked, and that is how we should 
measure this factor of safety. Mr. Jenks uses a factor of safety 
of five; he uses insulators tested at 125,000 volts on a circuit 
of 25,000 volts. If a 100,000 volt circuit is supplied with 
200,000 volt insulator, then there is the same margin of 100,000 
volts, although the factor of safety is only two. I think it 
probable that we may reduce our factor of safety as we go up 
higher in voltages. Possibly the 100,000-volt margin would be 
good in one case, and hardly enough in another, but I doubt 
whether it would be at all expedient to get a factor of safety 
of four or five by going to 400,000- or 500,000-volt insulators 
for use on 100,000-volt circuits. 

I was interested in what Mr. Creighton said about the^ re¬ 
cording device for telling what lightning was doing. It certainly 
does give an excellent insight into the operation of the plant in 
connection with lightning disturbances to have such records, 
and it was my pleasure last summer to pass through Montana 
and spend a day or so at Mr. Gerry’s plant, which is the Helena 
Power Transmission Company, the old Missouri River Power 
Company. At that plant there is a most excellent record of 
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lightning disturbances recorded putting paper slips in the 
lightning arrester gaps. They have a number of the multi- 
gap arresters, and papers are placed in the gaps next to the line 
and also in the various shunt circuits and ground circuits. 
These little telltale papers are taken out from time to time after 
storms. They give a record showing the results of the dis¬ 
charges in each wire of each line, at each end, and the character 
of that discharge is indicated by little holes or big ones The 
condition is duly recorded on the little slips and the record is 
transferred to a larger sheet of paper so that one may see the 
whole record, showing the action on the different lines at each 
of its ends, and at the different points of each arrester. One 
can trace down how far the discharge went through the arrester, 
and where it passed off, and further, he can note the,character 
of the discharge at each place. 

^ I found there that the multi-gap arresters, with shunt re¬ 
sistances, had given such good service that the operating com- 
pany considered this type as its standard. Electrolvtic ar- 
resters^ were being tried but until they had demonstrated their 
value in service, the multigap arrester which had served effi¬ 
ciently so long were regarded as the standard arrester. 

Percy H, Thomas. This is another one of our rare papers, 
wherein we have a perfectly definite, scientific record of the in¬ 
formation obtained from commercial plants that will enable us 

to draw some conclusions which are almost mathematicallv 
definite. 

This paper, it seems to me, taken in connection with the 
paper two or three years ago on the Taylors Falls lightning 
arrester experimpts give us a pretty broad idea of what the 

ransmission engineer has to meet in the protection of lines 
against lightning. 

There are certain definite results and conclusions which we 
can draw from Mr. Nicholson’s paper. 

First, when insulators puncture, instead of flashing over 
(then perhaps requiring an hour, or even half a day, to get the 
line into service again), this trouble can be presumably eliminated 
by the use of the rings proposed by Mr. Nicholson. 

Second, where the insulators flash over and are broken by a 
power arc, the same remedy will apply. 

attack of lightning on the transmission line, as 
distinguished from the station apparatus, is extremely local. 
Ut this we have abundance of evidence now. One or two poles 
distance is too far removed from a ground to be at all sure of pro¬ 
tecting an insulator. ^ 

Fourth, a resistance in the neutral point of the rising trans- 

yf^ ^ great help in maintaining service. I think 

Mr. hicholson would probably agree to this statement. Thus 
grounding of one line is the cause of a much smaller arc than 
without_ this resistance, and furthermore the resistance enables 
the maintenance of voltage on the system, so that reverse- 
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current or overload relays can act while if a dead short-circuit 
should come on the system, the voltage being entirely removed 
from the relay, the relay cannot act. 

Another point which has not been emphasized, but which is 
important, is the question of burning that is caused in the 
transmission line wire by an arc from the pin to the wire. Mr. 
Nicholson has given illustrated experimental data on this matter, 
and although I do not suppose it would be safe to draw conclu¬ 
sions from this case for all other cases, yet it gives a definite 
starting point. Mr. Nicholson fully realizes the fact that 
although the puncturing of insulators is overcome by the rings 
momentary interruption of the service is not preventive. Never¬ 
theless the actual operation of the system has been very much 
benefited by the rings. 

It is now very clearly established that insulators can be shat¬ 
tered by lightning alone without current from the generator, 
and without puncturing the insulator. The petticoats may be 
shattered without there being a direct puncture to the pin. This 
is a curious result and this is not the first time it has been brought 
forward. Presumably a remedy can be found for, this con¬ 
dition; it would appear to be a mechanical strengthening, of the 
petticoats. The exact method will be for the insulator manu¬ 
facturers to recommend. Ribs on the petticoat might be used, 
or a heavier petticoat. 

Although we have not as ^^-et gotten perfectly continuous 
service, we can still take a little comfort and not put so much 
stress on each occurrence of a momentary interruption. There 
are some classes of service where this is a serious matter, but 
as power systems go, a wink in the light, or the dropping off 
of the service for a moment or two, provided it does not occur 
too often, is not such an overwhelming handicap after all. 

I notice Mr. Nicholson has made a study of the reports of 
various operating companies of the effect of ground wires over¬ 
head, and though I do not understand that his report is un¬ 
favorable to the ground wire broadly, yet, under the conditions 
which exist in his plant, he did not think it worth while to try 
them. I think we still ought to hope that the overhead ground 
wire will cause a very great decrease in the percentage of in¬ 
terruptions. The critical feature is not so much the mere putting 
up a ground wire in any convenient location on the pole or 
tower that may happen to fit a particular structure, but to so 
install ground wire and to so support and ground and locate 
it as to give the best opportunity for protecting the line in the 
light of the conditions to be met as we know them. One con¬ 
dition is the extreme tendency of an induced stroke to side 
flash when it strikes a ground wire. That means that between 
towers, on any long span, for instance, a stroke reaching the 
ground wire, would tend also to spill over on to the transmission 
wires. Thus, the middle of the span the ground wire should be 
more widely separated from the conductor than in the towers. 
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At the latter point where the ground connection is direct to 
earth, there is not the same necessity for using large spacing. 
The steel ground wire can usually be strung tighter than the 
copper wire, and there is often no reason why it should not be 
drawn above the transmission wire in the middle of the span, the 
point where the flash-over is most likely to occur. 

Two ground wires would be better than one, especially where 
two transmission lines are on the same set of towers. I think 
we can safely assume that the attack of lightning is not directly 
from above; it tends to come from one side or the other and with 
a single centrally located ground wire may thus first reach the 
transmission conductor. The use of two ground wires will 
greatly reduce this tendency. 

The cost of ^the ground wire is a serious item, but under 
favorable conditions we can erect transmission structures, in 
which the ground wire shall be an important element of the me¬ 
chanical stability of the system. In that case, we could perhaps 
save its cost elsewhere in the system. I will ask Mr. Nicholson 
if he has any note of any cause of flash-over or puncturing of 
insulators, other than lightning. There was a time when we used 
to hear of “ internal strains ” and other similar troubles in the 
system, but in recent years we have not heard so much about 
that sort of trouble. 

Mr. Fraser has brought out the fundamental necessity— 
more margin of safety. We used to have transformers go down 
frequently. The remedy has been to make better designs and 
use a larger margin of safety; the troubles with transformers 
have largely^ disappeared. If it were possible to do the same 

thing with high tension insulators, we should certainly be better 
off. 

I feel pretty sure we would have progressed faster in our 
protection against lightning if that was the only problem we 
had to think of. The conditions are not at all favorable for the 
development of protective means. It is very rarely after the 
original design that in any particular practical case, there is a 
chance to act intelligently, and carefully and thoughtfully, to 
lay out a line for protection from lightning. Once in a while 
there is a company which is large enough to give opportunity for 
the engineer in charge to make a practical study of the lightning 
problem, as in the case of Mr. Nicholson's company, and to give 
an opportunity to try out the result of some method, and if that 
does not succeed, then to try something else. This is the method 
of investigation from which we are most likely to get resultsq 
as is indeed shown by the present instance. 

T\/r^‘o^* Referring to the statement made by 

Mr.^ Scott that he understood that the insulators on Mr. Nichol¬ 
son s line were rushed in on the line without complete test, 
using this fact as justification for the loss of insulators by punc- 
^ installation, I think there is one statement in Mr. 
JNicholson s paper which partially covers this matter and which 
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is better justification for the above loss than the fact above re¬ 
ferred to. The statement I refer to is as follows: 

“ The lesson of the year was not new but showed more forcibly 
than had been realized before that even if all insulators were 
capable of resisting puncture, they would continue to be shat¬ 
tered by a power arc following a flash over.” 

This statement would seem to show that although the manu¬ 
facturers might have done everything in their power to furnish 
the best insulators that the art knew at that time, there still 
would have been a considerable amount of trouble from the 
breaking of insulators, due to lightning, which loss could only 
be overcome by the adoption of some protective device as is 
described in Mr. Nicholson’s paper. 

Referring to the question of factor of safety, I think that 
any of the manufacturers who would make a recommendation 
will recommend an insulator with a reasonable factor of safety, 
which, hitherto has been a rather flexible quantity, and that the 
engineer need not have any fear in allowing manufacturers to 
state what insulator is suitable for a given case, provided full 
information is furnished with the inquiry stating actual operating 
voltage, style of construction, and climatic conditions. 

With reference to the size of insulator, Mr. Scott brought up 
the point that some of them were perhaps half the size of a 
barrel. The largest pin type insulator I know of was furnished 
to the Edison Company of Los Angeles, being 18 in. in diameter, 
about bbl- in. high, and this insulator weighed net 43 lb. The 
largest suspension type units used up to the present time have 
been made up of two pieces of porcelain, the largest being 14-^ in. 
in diameter and the distance between the point of suspension 
and the lower petticoat of the insulator being about 10 in. 

E. B. Merriam: There are a few points which I wish to men¬ 
tion based on observation of the destructive effects of high- 
power electric arcs on insulators. A power arc provides a path 
of low resistance, which on a large system permits a tremendous 
amount of current to flow, at the same time preventing an ab¬ 
normal rise in the line voltage, the circuit being opened by pro¬ 
tective apparatus. The resistance of these arcs is quite low and 
might be compared to an equivalent length of No. 0000 copper 
wire stretched around the insulator. It is the low resistance of 
this arc which holds the line voltage down until such a time as 
the circuit can be opened by the line oil circuit-breakers. The 
size of the arc is not always 'a measure of its devStructiveness as 
the reflection of the vapors may give the appearance of an arc of 
great magnitude. A small arc will sometimes cause more trouble 
than a large one if it is allowed to hold for any appreciable 
length of time. The time element, therefore, figures quite 
largely in the amount of damage and burning to the insulator. 

The pin insulator, having a petticoat around the insulator 
pin, is particularly susceptible to the ill effects of heavy power 
arcs, hence the necessity of protective rings. These petticoats 
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may be broken off one after another on account of the arc 
“ pocketing ” and hanging close to the porcelain. The suspen¬ 
sion type of insulator, owing to its peculiar construction, has an 
inherent protection as the arc has a tendency to flare away and 
extinguish itself. Tests on the suspension type of insulator 
indicate that protective rings are not necessary. In making 
tests of this nature it is highly essential that they be made 
out of doors under operating conditions, as the wind causes the 
arc to “ wander,” and the pressure and condition of the atmo¬ 
sphere also have marked effects on the arc, making a laboratory 
test misleading. 

Harris J. Ryan: By practice and investigation that are 
record breaking for extent of facilities employed and the ex¬ 
perience encountered, Mr. Nicholson has advanced greatly our 
understanding of the related causes that bring about injury and 
failure of high-tension transmission line insulators. To limit 
the damaging effects of these causes, he devised and applied to the 
insulators rings that accomplish their purpose in two funda¬ 
mental ways: 

1. The power arcs that follow a “ spill-over ” are held free 
of the insulators. 

2. The stray static field set up by the arcing ring is made to 
crowd the field set up by the skirts of the insulator. For the 
upright insulator this is so managed that the capacity of the 
shell next to the pin is considerably diminished. The charge 
entering such shell from the top of the pin is lessened and the 
electric stress or pressure gradient there applied is correspond¬ 
ingly lowered. The net result is a more uniform distribution of 
potential gradient among the several shells along the route of 
maximum electric strain. 

The paper brings up again the principle that pressures are 
developed on transmission lines at times, that are too high to be 
withstood by any practical system of insulation and that their 
effects are localized to such a degree that they cannot be cared 
for by arresters distributed to a reasonable extent. This and 
the principle that governs the use of arcing rings have been 
realized by the author of this paper in a new design of an upright 
insulator in which enough well-disposed porcelain is used to 
set the puncture pressure safely above the arc-over pressure. 
It has been shown that this insulator in combination with arcing 
rings, has made an important advance in transmission practice. 

Mr. Nicholson made tests to determine the destructive effects 
of power arcs upon transmission lines with and without the use 
of arcing rings. He found that the arcing rings exercised no 
material influence in this matter, i.e., they neither increased 
nor decreased the liability to such damage. In the early part 
of the paper the author tells us that, “ The gaps perfectly pro¬ 
tected the insulators containing them Did they also protect 
the aluminum cables at corresponding points from damage by 
power arcs? When a light wind is running, approximately 
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parallel to the line, and a heavy power arc is thereby drawn away 
from the arcing ring and over the aluminum transmission cable, 
could not the damage to such cable be prevented by the use of 
a suitable aluminum guard covering the cable a few feet on 
either side of the insulator? If required, the power arc at the 
remote end of such cable guard could be stopped by a barrier 
of the same metal in the form of a solid disk or an extension 
piece deflected at right angles to the cable; for the upright in¬ 
sulator, such barrier-piece should be directed downward; for the 
suspension-type insulator it should be directed upward. Does 
Mr. Nicholson’s experience lead him to consider that guards of 
this character for protecting aluminum cable are worth what they 
cost to apply and to maintain? Does his experience lead him 
to conclude that the transmission cable mounted from sus¬ 
pension-type insulators equipped with arcing rings would or 
would not be comparatively free from damage by power arcs 
because of its under-hung position? 

Applied to the suspension-type insulator, the arcing rings, 
by crowding the stray static field about the lower unit, will dis¬ 
tribute more evenly the total electric strain among the dif¬ 
ferent units; this should result ultimately in a real advance 
in the practice that employs this type of insulator. 

Irving E. Brooke: The proper protection of high tension 
transmission lines from injury by lightning or other electro¬ 
static stresses is one of the most important as well as the most 
difficult problems encountered in the design and construction of 
transmission lines. ^ The author states that the test on the 
insulators in question consisted of subjecting each part of the 
insulator to 75,000 volts for three minutes, but further states 
that the complete insulator was not tested after assembling. 
The writer does not understand why the complete insulator 
was not tested after assembling. In tests of this nature it is 
not an extreme case when 10 per cent of the tested insulators 
will break down when subjected to approximately twice the 
line voltage for which they are intended. 

The fact that so many of the insulators fail and puncture is 
probably due to the design of the insulator, as the potential 
gradient is such as to subject the top piece or the pin piece 
of the insulator to a stress greatly in excess of that for which 
they were designed. This matter of potential gradient for 
insulators is one that should be thoroughly investigated. 

If insulators are made in more than one piece, and although 
each piece may stand up under the specified test when the 
several parts of the insulator are cemented together, the dis¬ 
tribution of the electrical stress is not the same as if the insulator 
was one honiogeneous mass. When the insulator is made in 
one piece it is probable that a uniform potential gradient will 
be secured. As Portland cement is much inferior to porcelain, 
at the point of contact of the two materials we may have a very 
abrupt change in the potential gradient or perhaps a re-distribu- 
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tion of the electrical stresses. It has been demonstrated that 
one piece insulators seldom fail by puncture from operating 
voltage, but multi-part insulators fail by puncturing one section 
at a time, which is undoubtedly due to unequal potential dis¬ 
tribution. 

The subsequent design of the shorter insulator shows a much 
better type as regards mechanical strength and also an insula¬ 
tor that will withstand approximatety the same voltage test. 

It is interesting to note that the lightning troubles have been 
confined entirely to lines themselves and that no trouble has been 
experienced in stations or substations that could be charged di¬ 
rectly to this source. This may be due in a large measure at least 
to the fact that the steel tower construction with proper station 
protection provides an easier and more direct path for the relief 
of high potential charges induced by lightning than that through 
the station or substation apparatus. The fact that a number 
of insulators have been broken by a direct stroke may be on 
account of the so-called lightning-rod effect of the steel tower 
construction. An insulator could be designed which would 
flash over before it punctured, but it is hard to foresee which 
would give better results unless some protection as described by 
the author were provided to protect the insulator from the 
power arc after a flash over occurred. The result showing the 
number of insulators broken on the top wire should be a good 
guide in the^ placing of a ground wire on a transmission line. 

The question of putting resistances in the neutral connection 
of the substation transformers is one that is open to argument 
on account of the possibility of increasing the potential on the 
line by limiting the current flow to ground. 

It has been shown in many instances that a lightning discharge 
apparently will not always follow the path of lowest resistance. 
In some instances it has been known to jump several feet at the 
turn of the wire rather than follow the same wire only a few 
feet farther, but in a line at an angle to a direct path, to the 
ground. ^ This may to a certain extent explain the reason why 
the station and substation apparatus experienced no trouble 
from lightning discharge. It should also be a good argument 
for the provision of a ground wire on the transmission line. 

In placing the rings around the insulator the author has short¬ 
ened the air gap, or distance to ground, and while the ground 
potential is still carried well up inside the insulator it is hard to 
make the power arc hold from the pin to the conductor. 

The log of operation shows some very interesting results. 
The fact that the circuit breakers were tripped out so many 
times on the re-insulated line is probably due to the fact that the 
placing of the arc rings lessened the line insulation and that it 
brought the ground potential up nearer the conductor. 

James Lyman: The author has shown great ingenuity in 
successfully overcoming the serious effects of lightning dis¬ 
charges over unprotected transmission lines. The method ap- 
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plied will undoubtedly prove of great value to similar situations 
where the arrangement of insulators on the pole or tower struc¬ 
ture does not permit of an overhead grounded cable located well 
above the transmission conductors. 

The value of such a grounded cable in absorbing the high 
tension charges from clouds and discharges from clouds to ground 
has been clearly demonstrated by actual experience on many 
transniission lines. The effectiveness depends, of course, on 
its being well grounded at frequent intervals, say at every pole 
or tower structure, and it should be carried well above the line 
it is to protect. The potential of the earth is thus brought to 
the level of the grounded cable, and the transmission line is, 
therefore, removed from the zone of lightning discharges. 

If the overhead^ cable is badly grounded, as, for example, to 
dry earth or rock, it, of course, offers less protection. In general 
it is possible to obtain good grounds at small expense. Where 
good grounds cannot be obtained, as occasionally happens in 
crossing mountain ranges and rocky country, the author’s 

protecting rings can well be used in addition to the overhead 
grounded cable. 

I believe the overhead cable, grounded as well as conditions 
will permit, will always offer a very material protection. 

Mr. J. B. Foote, engineer for the Grand Rapids-Muskegon 
Power Compan}^, adopted an original method of protecting the 
fifty miles of 110,000-volt transmission line, from Croton Dam 
to Grand Rapids, without an overhead grounded cable, which 
apparently is entirely effective, for during the year of 1909, not 
one case of trouble from lightning occurred, although on an older 
60,000-volt wooden transmission line a number of interruptions 
from lightning occurred. 

Steel towers are used with an angle iron extension six or eight 
feet above the upper transmission line acting as a lightning rod. 
To obtain a good ground the angle iron base extends two feet 
below the concrete foundation, or a total of six or seven feet into 
the ground at each corner. The pole line passes through an open 
farming country where the soil is deep and moist. The line is 
thus protected by a lightning arrester at each tower or at in¬ 
tervals of from 400 to 500 ft. The suspension type of insulator 
lends itself well to this construction and wherever steel towers and 
suspension insulators are used this arrangement might success¬ 
fully be adopted. 

Max H. Collbohm: The method described in Mr. Nicholson’s 
paper is a means to save the insulators from destruction by 
electrical forces. It does not offer any direct protection to the 
transmission wires or the station itself. The usefulness of this 
method is apparent by the fact that if lightning surges are set 
up either directly or induced in the power wires with a potential 
high enough to cause arcing over the insulators then a shut-down 
of the line may result (particularly in a grounded star con¬ 
nected system) without destruction of insulators, thus per- 
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mitting service to be resumed immediately afterwards, while if 
this method was not employed the insulators may be destroyed, 
resulting in a continued interruption of service until the damaged 
insulators are located and replaced. 

The arrangement of the protection rings at about the eleva- 
tion of the lower petticoat, with a corresponding reduction of 
sparking distance between conductor and ground, would seem 
to make it permissible to materially reduce the length of the 
pin as used at the present thereby increasing its strength. 

There is one point in Mr. Nicholson’s paper to which I would 
like to take exception, viz., the statement that it has been found 
useless to install guard wires over the transmission lines for 
lightning protection. Although it is true that guard wires do 
not afford complete protection to the line, they give however at 
least a reasonable degree of protection if properly installed, 
i.e., high above the power wires and grounded at every tower. 
They should furthermore consist of durable non-magnetic ma¬ 
terial (at least on the outer rim of the conductor) such as found 
in copper-clad steel wire, and should be at least as strong me¬ 
chanically as the power wires themselves. 

The writer believes that the past failures of guard wires to 
protect the line are in a great measure due to infrequent ground¬ 
ing and the use of improper material, such as steel. The writer 
has made some preliminary experiments with high frequency 
currents which have proved the superiority of copper, or copper- 
clad steel, over iron as material for grounded guard wires. 

G. Semenza: Mr. Nicholson’s paper is interesting from two 
points of view; the statistical one, on one side, as it describes 
a number of very severe troubles, and studies them in a co¬ 
ordinate way; and the technical one, on the other side, as it 
proposes a new protecting device which must be considered 
with the closest interest. Such a device appears to be the¬ 
oretically effective, and the figures deduced by experience seem 
to show that it is so in fact. 

A closer consideration of the figures given, however, discloses 
some objections which make it desirable to obtain more com¬ 
plete data. First of all, the number of insulators punctured on 
the old line, both in operation and in the testing room, is con¬ 
siderably in excess of anything heretofore known. The thick¬ 
ness of the porcelain that is punctured in such an insulator 
ought to stand the testing voltage quite easily, so that, to the 
writer, the large number of failures would be attributed to 
imperfect baking of the porcelain. 

‘As to the comparison between the old and the re-insulated 

line, it is to be noted that while the old line has been left as it 

was, on the new line 39 per cent of the insulators on the two 

lower wires, and all of those on the top one, have been replaced 

with a new and more modern type of insulator. For this reason 

it is not possible to determine how much of the improvement is 

due to the re-insulation of the new line. 

« 
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In a general way it is not apparent liow the rings can prevent 
the puncturing of the insulators. The effect of the rings may 
be to cause a flash-over to occur more easily than a puncture: 
such a result may be met by a better proportioning of the parts 
of the insulators. The protection of the petticoats in case of 
flash-over must be, on other hand, very effective, as the rings 
tend to draw the arc out of reach of the porcelain. 

I would ask if, in consideration of the slight effects caused 
by arcs on the cables, it would not be easy to simplify the device 

by using a single bent wire projecting from the pin and turning 
upwards to the cable ? 

J, D. E. Duncan: The paper presented by Mr. Nicholson shows 
how closely different persons coincide in some cases in the ex¬ 



pedients they adopt for the same purpose. The writer has previ¬ 
ously developed quite similar arcing rings in connection with 
high tension insulators devised for use on the Stanislaus in¬ 
stallation. One form of these arcing rings shown on a suspen¬ 
sion type of insulator is indicated in the diagram shown herewith. 
These arcing rings prevent excessive electrical pressure being 
exerted on any of the insulator elements; where, for example, 
a portion of the shells or elements has become temporarily in¬ 
effective through dust or moisture or where excessive pressure 
is exerted as in the case of lightning. By surrounding the entire 
insulator with an arcing ring any arc formed along the surface 
of the insulator inevitably moves out to the ring through heat 
and wind action and then the ring itself carries the discharge. 
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the arc then being so far removed from the insulator as not to 
be dangerous to the porcelain. The rings are arranged so as to 
have an air space and air circulation around the outer edge of 
the petticoats so that any heat developed in the rings themselves 
will not be harmful and as the writer worked up this protective 
device the rings were mounted on various parts of the insulator 
structure, such as the petticoats, heads, and other parts. 

In theory, the ring is practically a metallic conductor cage 
arranged around the insulator element and sufficiently removed 
from it to prevent any contact between the arc formed and the 
insulator itself, and the arcing distance from the arcing ring to its 
cooperating arcing points is so arranged as to make this ^ relief 
path operative before dangerous or puncture voltage is ap¬ 
proached. These arcing rings proved entirely effective when 
tested under conditions approaching those of commercial opera¬ 
tion, an dares generated by a transfer merhaving several hundred 
kilowatts capacity were disposed of without injury to the in¬ 
sulator in any case. 

It mav be of interest to briefly refer to the fact that these 
arcing rings and insulators were devised in connection with the 
high tension Stanislaus transmission line, which was designed, 
and the insulators developed, before lines at 100,000 volts were 
considered practical and before an}^ lines had been put in com¬ 
mercial operation at more than the nominal 60,000 volts po¬ 
tential. A suspension type of insulator was finally adopted as 
being by far the most suitable for these conditions and because 
it was especially adapted for such increase of voltage as might 
from time to time prove necessary. This form of suspension 
insulator having a plurality of nested domes and attached petti¬ 
coats has proved highly reliable under commercial conditions, 
as is evidenced by the operation of this Stanislaus transmission 
line for over ten months without interruption. 

L. C. Nicholson: Replying to Mr. Catching;s question con¬ 
cerning voltage disturbances accompanying discharges to the 
rings, there is practically none when one phase discharges. 
This is on account of a high resistance neutral which limits the 
current flow to about 30 amperes. Voltage disturbances ac¬ 
companying simultaneous discharges on ^ two or more phases 
are very great; in fact, under such short-circuit conditions there 

is practically no voltage anywhere. , , . i ^ 

Mr. Creighton asks for concrete cases of hghtmng^ stroke at 
various distances from the lines, and the corresponding effects 
upon the line. I regret that we have no very considerable 
data on this point. I have ventured to make a statement which 
indicates how we feel about it—less than 500 feet away is very 
dangerous, more than 3000 feet away fairly safe. Various ob¬ 
servations made from time to time seem to indicate these general 
limits. Causes other than lightning which may produce flash- 
overs are few. Opening a long section of unloaded line by means 
of open-air disconnecting switches sometimes sets up surges 
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which cause flash-overs. The accidental grounding of one phase 
as by a tree branch or other object, lightning arrester discharge, 
etc., may cause flash-overs to occur on another phase at another 
point on the line, due to the sudden re-arrangement of the 
electrostatic conditions of the system. Surges produced in this 
manner frequently reach very high values. 

I agree with Mr. Thomas that insulators may be shattered 
completely by pure lightning effects, unaccompanied by puncture 
or power. I think he is also correct in that the attack of lightning 
is frequently from the side instead of from above. I have a case 
in mind where two east and west parallel lines twenty six feet 
apart, insulated in the same manner suffered very unequally 
from lightning, the south line sustaining practically the entire 
damage, the north line being nearly immune. In this case the 
storms approached from the southwest. 

As to the length of time necessary to injure an insulator by 
a large arc, a perceptible time is required, though very slight, 
perhaps about one quarter second, with a 10,000-kw. arc. 

Mr. Ryan suggests the use of a metal disk on the cable to pre¬ 
vent the arc travelling out beyond the unprotected portion of 
the cable. We have experimented with this and other equiva¬ 
lent arrangements, but have not found anything that will deter 
the arc. In fact any obstacle on the cable appears to be ob¬ 
jectionable since it furnishes a shielded zone in the lee of which 
the arc may rest and accomplish considerable burning. 

Protection by a sleeve or serving of small wire would be 
entirely effective provided such protection extended far enough 
along the cable. However, such protection would necessarily 
extend, say, 50 feet each way from the insulator, since fre¬ 
quently arcs travel this distance along the wire. Two cases 
are on record where the arc extended from the lower ring to a 
point on the cable 250 feet from the insulator. If the passage 
of the arc along the cable is unobstructed, the burning is not 
serious. Twelve cases occurred in the season of 1909 in which 
the cables were blistered for from 5 to 50 feet. No cable was 
burned seriously enough to warrant repairing. Our conclusion 
is that the cable should be bare, so as to allow the arc to travel 
readily along it, which action forestalls serious burning at any 
one point. 

In the case of suspension insulators, protected by rings, burn¬ 
ing of the cable cannot occur since it is impossible for the arc to 
come in contact with it. 

Something has been said about automatically sectionalizing 
parallel lines in case of a ground on short-circuit on one of them. 
We have found it entirely feasible to cut out a grounded line 
automatically by the use of a specially constructed relay. How¬ 
ever, short-circuit, low-voltage conditions are very hard to 
treat, and while some progress has been made with automatic 
devices they are at present considered far from satisfactory. 

As to the efficiency of an overhead ground wire in protecting 



618 


PROTECTING INSULATORS 


[March 31 


against lightning, several gentlemen seem to construe my re¬ 
marks on this subject as being entirely unfavorable to the use 
of a ground wire. Such was not intended, and our reasons for 
not installing such protection are as stated, viz., the heavy ex¬ 
pense incident to properly installing it on structures such as 
ours, already built, together with the extra load such wire or 
wires placed well up above the line would impose; and, as a 
result of an extensive canvass we concluded that the benefits 
to be derived from such protection were far from ideal and did 
not warrant the expense. We were looking for something 
better and less expensive than the overhead ground wire. It 
may be that it takes overhead ground wires, arcing rings, sus¬ 
pension insulators, and more, to eliminate all lightning trouble. 

Mr. Brooke concludes from the log that the reason the rein¬ 
sulated line tripped out so many times is due to the fact that the 
placing of the arcing rings lessened the line insulation and brought 
ground potential up nearer the conductor. We interpret the 
operating results differently. For example, considering the 
38 cases of fiashover found upon inspecting the reinsulated line, 
tabulated on page 261, 17 were complete fiashovers to the pin, 
and consequently the entire insulation of the line was developed. 
Moreover there were two-thirds as many trip-outs on the old 
line as on the reinsulated line, and in addition there were 15 
instances of disablement on the old line. Assuming approxi¬ 
mately the same amount of lightning on the two lines, the rein¬ 
sulated line shows 20 trip-outs against 27 on the old line. I call 
attention here to an observation omitted in the paper, viz , in 
only three cases of the thirty-eight inspected was the initial 
discharge vertically downward from the cable to the ring. In 
thirty-five cases the discharge emanated from the tie wire in 
the neck of the insulator, either to the pin or to the ring. Our 
conclusion is that under average conditions of moisture on the 
insulator surface during storms the rings are not close enough to 
reduce the degree of line insulation. It is entirely feasible to 
lower the ring so as to develop the full dry fiashover value of the 
insulator, in which location the ring is equally effective in taking 
the power arc off the pin. 

Mr. Semenza’s opinion that insulators should be designed 
so as to flash-over before they are punctured is entirely con¬ 
curred in. This is what we have attempted to get in the new 
style four-part insulator. On the other hand, given any in¬ 
sulator, it is possible by a ring to reduce its dry fiashover value 
to a point comparable to its puncture strength, and at the same 
time keep the wet fiashover value normal. There is, moreover, 
no great objection from an operating standpoint to doing this. 
This is what we have done with the old type insulator. 

As to replacing the ring by a gap from the cable to a single 
bent wire, leading upward from the base of the pin, this would 
be equally as effective as a ring, but for only one condition of 
wind direction. An insulator flashes over on its wettest side, 
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which is the windward side, in a lightning and rain storm. Were 
the proposed gap set at a value less than wet fiashover so as to 
attract all flashovers (wet and dry) two objections arise; first, 
the degree of line insulation is reduced and, second, under 
certain wind directions the arc would attack the pin and destroy 
the insulator. A continuous metal ring enables the arc to shift 
readily around the insulator and to accommodate itself to all 
wind directions, and always to the leeward of the insulator. 
A horizontal gap at the top of the insulator, if set below wet 
fiashover value, will prevent injury to insulators by power arcs, 
but such gaps are more difficult to construct and if set close 
enough to prevent insulator “ spill-overs ” are a menace to 
operation. Our experience with gaps of this nature indicates 
that it is impossible to adjust and to keep in adjustment a large 
number of them. 

I wish here to add some data which shows the effect of the 
lower ring to reduce the puncturing tendency of the three-part 
insulators. We recently had occasion to test 800 of these in¬ 
sulators, first with the ring in place and then with the ring re¬ 
moved, the voltage in each case being sufficient to cause flash- 
overs, viz., 160,000 with the ring and 195,000 without the ring. 


Failures with ring. 3 per cent 

Failures without ring.22 per cent 


Of the 3 per cent failures with ring, only 1.25 per cent was due 
to failure of the pin-piece, whereas of the 22 per cent failures with¬ 
out the ring, 17 per cent was due to the failure of the pin piece. 

Mr. Duncan proposes the use of metallic rings supported on 
the insulator parts. I understand from his remarks that this 
device was developed experimentally, with small amounts of 
power. Several years ago an arrangement such as this was 
proposed for our insulators, but subsequent tests showed it to be 
entirely without effect when large amounts of power, say, 
10,000 kw. and over, are put into the arc. Since the damage 
to the insulator is caused by the lower terminal of the arc running 
up the pin, the only cure is to take the arc off the pin auto¬ 
matically and immediately after its formation. So long as this 
is not accomplished, the insulator will be destroyed. Experi¬ 
ments show that the attenuated portion of a large power arc 
approximately eight inches and more away from its termini 
is not destructive to porcelain even though in continuous actual 
contact therewith. For this reason little good is accomplished 
by short-circuiting ” the arc as it passes the edge of the in¬ 
sulator skirts, while allowing its terminal to remain on the 
pin of an upright insulator or the metallic links of a suspension 
insulator. Furthermore a very slight breeze causes the body of 
the arc to flare clear of the insulator skirts, even with conducting 
bands about them, which action prevents the metal bands from 
performing any function. There is no reason why the arrange¬ 
ment mentioned will not limit the puncture stresses to any de¬ 
sired amount. 
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The operating results given in the paper would hardly be com¬ 
plete without referring to our Waterloo of 1910, when two in¬ 
sulators on the reinsulated line were exploded by what appears 
to have been a direct stroke of lightning. A number of other 
insulators on adjacent structures flashed over, but were un¬ 
injured.. This incident shows that there is a degree of lightning 
which is fatal to protected insulators, but from past experience 
we know that such occurrences are very rare. 

During another storm of 1910, the telephone line 100 feet 
from the power line was struck and several poles splintered. 
Flash-overs occurred at that point on the power line, but no in¬ 
sulators were damaged. This result indicates that the line is 
practically proof against breakage by anything less than a 
direct stroke. 

The general bearing of this situation it seems to me is this— 
we have transmission lines which will operate practically without 
extended interruption, but with a number of momentary inter¬ 
ruptions during the season, momentary short circuits, I should 
say, which are sufficient to throw out of step the present type 
of synchronous receiving apparatus on the system. I believe the 
results point to the necessity for the design and the use of syn¬ 
chronous apparatus, which will suffer heavier disturbances of 
voltage than the present type can withstand. 
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MOTOR APPLICATION TO MACHINE TOOLS 


BY CHARLES FAIR 


The subject of motor application to machine tools is rather a 
difficult one to treat satisfactorily in an abstract way. However, 
in this paper I shall try to point'out the fundamental principles 
underlying motor applications to machine tools and trust that 
these will aid, not only in the selection of the proper motor and 
control, but in their application to machine tools as well. Ob¬ 
serving these principles will have a marked effect upon produc¬ 
tion and will reduce maintenance to a minimum. 

Since much has been written on the advantages of motor- 
driven tools, it will suffice here, to mention briefly only a few; 
such as sanitation, unobstructed light, absence of belts and belt 
troubles, head room for cranes, hoists, etc., elasticity of ar¬ 
rangement, ease of adding new tools and of moving and rear¬ 
ranging tools, close speed regulation, greater power and overload 
capacity, maximum output of tools, power transmission, facility 
for running only such tools as are required for overtime work, 
and finally, under modern structural conditions, avoidance of the 
well-understood difficulties of line shaft installations in cement 
buildings. These points are - admirably illustrated in the 
following photographs. 

Figs. 1 and la are views showing the interior of a machine 
shop of a large manufacturing company. As this is one of the 
largest buildings ever built to be used exclusively as a machine 
shop, it would probably not be amiss to give here a brief descrip¬ 
tion of the building and the machines. 

The building is 295 ft. wide and 800 ft. long. The total floor 
space of the building, including galleries is 490,000 sq. ft. 'or 
11.2 acres. It contains 997 machine tools operated by 1047 
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motors, 941 of the tools being driven by independent motors, and 
a number of them requiring two or more motors. There are 
56 of the smaller tools, all of which are located in the second 
gallery, which are arranged in groups varying from six to twelve 
tools, per group. ‘The machines range in size from a 40-ft. 
boring mill down, there being 51 boring mills 6 ft. and over, and 
36 portable tools used on the iron floors. This large number of 
tools requires for handling work, 35 cranes ranging from 5 to 
50 tons and 8 electric hoists, as well as 8 freight elevators and 
2 gantry cranes. 

Fig. 2 is a very good illustration of the overhead clearance 
due to the use of individual motors and shows a number of 8-ft. 
boring mills. Each of these mills is driven by a 20-h.p. adjustable- 
speed motor, the cross-rail being raised and lowered by a 3-h.p. 
motor. The controllers for operating both motors are shown 
fastened to a bracket which in turn is bolted to the machine. 
These machines are placed under a gallery, as shown in the 
illustration, as also are the boring mills shown in Fig. 3. The 
latter are placed directly behind those shown in the previous 
illustration, thus making a very compact arrangement of tools 
and at the same time allowing plenty of room for handling work. 
Except in the case of the first mill on the left, the controllers for 
operating this group of boring mills are arranged as shown on the 
first mill on the right. 

Fig. 4 is a view of another building looking down the center aisle 
of the second floor. This shop is a modern reenforced concrete 
building in which no line shafting whatever is used, even though 
the majority of the tools are old ones changed over to individual 
motor drive. Although many of these tools require short belts, 
this is a very different matter from belting from lineshaft to 
countershaft and from countershaft to tool. 

Fig. 5 shows a group of lathes driven by individual motors. 
If this group of lathes were belt-driven and arranged as com¬ 
pactly as shown, with two belts from line to countershaft, the 
ceiling would be literally a mass of belts. 

Fig. 6 shows a punch press department. All the punches 
and shears in this building are individually driven by alternating- 
current motors, although such tools are also frequently driven 
by direct-current motors. 

Up to comparatively few years ago in the majority of the shops 
motors were used., they were simply belted to the lineshaft 
or countershaft of the tool. Adjustable-speed motors were not 
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so commonly used then as now, nor were they made in the great 
variety of sizes and speeds now obtainable. Today, especially 
in the case of new tools with their requirements of higher power 



Fig. 2 


and closer speed regulation, due to the use of high-speed steel, 
it becomes not only more convenient, but in many cases almost 
a necessity, to apply the motor directly to the tool. 











Fig. 3 

When the work of actually equipping a factory with motor 
drives is undertaken, it will be necessary to study the conditions 
of operation, which vary greatly with the product manufactured, 
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Fig. 5 
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and while in some cases these conditions are comparatively simple 
in others they are more complex. The arrangement of tools will 
to a large extent depend upon the nature of the work, and as 
to whether alternating or direct current is available; it will also 
depend upon whether the convenience of operation and hand¬ 
ling of material are of sufficient importance to call for a con¬ 
siderable number of individual drives, or as to whether it is 
to be generally a group-driven shop. 

In driving tools with individual motors it will be remembered 
that the motor not only supplies the power and speeds best 
adapted to the tool, but that the speed of the motor alone in 
many cases covers the entire speed range of the tool, and that the 
motor can be applied directly to the tool, making a compact unit. 



Fig. 6 


When equipping tools with individual drives, the controlling 
apparatus as well as the motor should be attached directly to 
the tool when possible. This arrangement allows moving the 
tool by simply disconnecting the leads and connecting them in 
the new position. In the case of portable tools this, of course, 
is an absolute necessity. 

A graphic recording wattmeter in circuit with a tool not only 
tells the actual power consumed by the machine, but also shows 
whether the tool is operating at its maximum rate, by registering 
the time of unproductive cycles or the length of time the tool is 
idle; and by analysis, the cause of the lost time may be dis¬ 
covered and result in a change of conditions with a corresponding 
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increase in production. Poor lineshaft alignments have been 
detected bv watching the integrating wattmeter. Many shops 

are paying dearly for lack of attention to alignment of shafts, 
etc. 

Difficulties concerning the choice of the type of motors foi 
tools have been considerably exaggerated. The following table 
will, in a general way, aid in the choice of motors. The great 
variety and the sizes of tools of the same name make it necessary 
in a general list, such as this to double-check a number of tools. 


MOTORS FOR MACHINE TOOLS 


Tool 

Direct current 

Alternating current 

Shunt 

Comp, 

Series 

X 

# 


Bolt cutter. 

t 



X 



Bolt and rivet header. 


20% 

40% 


X 

f 


Bulldo’-iers. 


20% 

40% 


X 

■// 


Boring machines. 

t 



X 



Boring mills. 

t 



X 



Raising and lowering cross rails on 
boring mills and planers. 


60% 

t 


# 


Boring bars. 

t 



X 



Bending machines. 


20% 

40% 


X 



Bending rolls. 


oo 

t 




Corrugating rolls. 


OO 


X 



Centering machines.. 

t 



X 



Chucking machines. 

t 



X 



Boring, milling and drilling machines 

t 



X 



Drill, radial. 

t 



X 



Drill press. 

t 



X 



Grinder—tool, etc. 

t 



X 



Grinder—castings. 


20% 


X 



Gear cutters. 

t 

20% 


X 



Hammers—drop. 


20% 

30% 



4 


Keyseater—milling—broach. 

t 



X 



Keyseater—reciprocating. 

t 

20% 


X 



Lathes. 

t 



X 


^4* 

Lathe carriages. 



t 


4 


Milling machines. 

t 



X 
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MOTORS FOR MACHINE TOOLS--(Continued) 


Tool 

Direct current 

Alternating current 

Shunt 

Comp. 

Series 

X 

# 


Heavy slab milling. 

t 

20% 


X 



Pipe cutters. 

t 






Punch presses. 


20% 

40% 


X 

# 


Planers. 


20% 


B 

# 


Planers—rotary. 

t 

20% 


X 



Saw—small circular. 

t 



X 



Saw—cold bar and I beam. 

t 

20% 


X 



Saw—hot. 


20% 


X 



Screw machine. 

umi 



X 



Shapers. 

t 

20% 


X 



Shears. 


oo 


X 



Slotters. 

t 

20% 


X 



Swaging. 


20% 


X 

# 


Tappers. 

t 



. X 



Tumbling barrels or mills. 


20% 


X 




X Squirrel cage rotor. 

# Squirrel cage rotor-high starting torque. 

^\k Slip ring induction motor with external rotor resistance. 

4* Might be used for tire lathes as it allows slowing down when cutting hard spots. 

It must be kept in mind, however, that various circumstances, 
such as size or roughness of work, flywheel capacity, etc., may 
call for radical departures in choice of motors, this list being 
compiled to meet average conditions. Shunt motors, for in¬ 
stance, are used in the following cases; when the work is of 
a fairly steady nature; when considerable range of adjustment 
of speed is required, as on lathes and boring mills; and on group 
and lineshaft drives, etc. 

Compound-wound motors are used where there are sudden 
calls for excessive power of short duration, as on planers, punch 
presses, etc. 

Series motors should be used where speed regulation is not 
essential and where excessive starting torque and slow starting 
speeds are required; as, for instance, in moving carriages of large 
lathes, in raising and lowering the cross rails of planers and boring 
mills, and for operating cranes. 

When in doubt as to the choice of compound or series motors 
of small horse power, the choice might be determined by the sim-. 
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plicity of control in favor of the series motor. Series motors, 
however, should never be used when the motor can run without 
load, as the speed would accelerate beyond the point of safety. 

The alternating current motor of the squirrel cage rotor type 
corresponds to the constant-speed, shunt, direct-current motor, 
but with a high-resistance rotor it approaches more closely the 
characteristics of a compound direct-current motor. It is under¬ 
stood that the variable-speed machines, checked in this list under 
the alternating-current squirrel cage rotor column, have the 
necessary mechanical speed changes. 

The slip-ring induction motor with e.xternal rotor resistance 
would be used for variable speed, but this must not be construed 
to mean that it corresponds to a direct-current, adjustable-speed 
motor, as it has the characteristics of a direct-current shunt 
motor with armature control. 

The self-contained, rotor resistance type would be used for 
lineshaft drives, and for groups when of sufficient size. 

Multi-speed, alternating-current motors are those giving a 
number of definite speeds, usually (100 and 1200 or (>00, 900, 
1200 and 1800 rev. per min., and are made for both constant 
horse power and constant torque. Tliese motors would be 
used where alternating current only was available, <jr dii-ect 
current limited; and the speed range of the motor, together with 
one or two change gears, would give the required speeds. 

One of the mo.st important features in the selection of motors 
and one that is persistently overlooked, is the strict adherence 
to the use of standard motors, and by standard motors is mearit 
standard armature shafts as well. The importance of main¬ 
taining standard armature shafts will be readily recognized by 
the factory management when it is pointed out that by such an 
arrangement spare armatures are reduced to a minimum, and 
that in an emergency it is possible, where these are not carried, 
to replace an armature or even a whole motor, from an idle tool, 
or from a tool of relatively less importance at the time. Also, 
of course, stock motors can be supplied promptly by the manu¬ 
facturer and shipments materially improved if special shaft 
extensions are not called for. That special features in a motor are 
sometimes desirable, is not to be denied; it may so happen that 
the advantages from some special feature in the motor may 
more than offset the disadvantages above referred to, but in 
cases where these features are thought necessary they should 
be carefully considered before final decision. 
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The sketches in Fig. 7 show a number of arrangements used 
in order to maintain standard motor shafts. In addition to these, 
many forms of flange and split couplings are used. The method 
which is selected for connecting standard shafts will depend upon 
the conditions surrounding the drive under consideration. 
Tools which only a few years ago were equipped with special 
motors are today driven by standard motors, and as a result 
are easily and quickly repaired. In the early days of the motor 





/y/?en p/nf 'on is large enough 
to recejve s/ee)^, and bearing 
must be w/ibin limited space 



5tandardsleeve coupling 

Fig. 7.—Some methods used to maintain standard motor shafts for the 

interchanging of armatures 


drive many special features were thought necessary in the motor 
to make it adaptable to the tool; special frames, shafts and speeds 
were required by the tool builder, and little thought was given 
to the interchangeability of parts. It is therefore easy to recog¬ 
nize in these early equipments responsibility for the existing 
idea that special features in the motor are still necessary for tool 
equipments. Many of these features are now recognized as 
unnecessary, and today the tool builder in many instances 
builds his tools ready for attaching standard motors. 
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At the present time, so far as tools are concerned, we think of 
the motor largely as a means of driving the tool and not of the 
possibilities of the motor becoming the main element of the tool 
construction. Here again, high-speed steels, together with the 
improvements made in the motor, will produce many new designs 
in tools with corresponding higher efficiencies. 

The old prejudice existing against the electric motor, which was 
mostly a mistrust due to a lack of familiarity with its operation, 
is rapidly dying out, and today motors are found driving machines 
in shops of every description. 

Equally important with the choice of motors is that of control. 
In selecting the control it is necessary to consider the nature of 
the work, its accessibility to the operator, the method of attach¬ 
ing It to the tool and in some cases its relative position to other 
tools; for instance, an open type starting rheostat should not be 
exposed to danger of short-circuit from flying chips. In the 
majority of cases, a shunt motor of | h.p. and less would be 
started by a switch. Exceptions to this would be motors on 
tools that must be gotten under way slowly, and grinders driven 
by direct-current motors for reasons of safety. With adjustable- 
speed motors, care should be taken to throw the switch on full 
e . ^ Series motors up to 8 h.p. or even larger can be started 
by^ switch. Exceptions 'to this would be cranes and tools re¬ 
quiring a certain amount of armature speed regulation. Larger 
motors, for tools where starting service is infrequent or not se¬ 
vere, and for lineshafts and for group drives, would be satis- 
actonty operated with a dial type controller, which is cheaper 

_ an the drum controller, provided, however, that the controller 
IS placed in a protected position. 

_ When making the installation, accessibility to the controller 
m case of accident should be kept in mind, even though of little 

lnnStr\'°i?K “ concerned. The starting 

apparatus should be placed where the motor or some of the mov^ 

r"" n ^ operator. On individual motor- 

driven tools where the motor is started and stopped many times 

a day or wffiere the startin'^ conditiom^ arp o ^ . 

nr nrtiAro j i . onoitions are of a severe nature, 

r where tools are edged along, drum type controllers with extra 
motors^ usin^th^d adjustable-speed 

drum^nd n^nt segments of the controller 

m and not by sliding contacts on a dial, as with the latter 

trouble will develop sooner or later. Motors above 40 or 50 h p ’ 
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under these severe conditions, are best operated by a master 
controller which operates contactors for cutting out steps of 
starting resistance, and if adjustable-speed, the field control 
should be taken care of, as stated above, by fingers making con¬ 
tact on segments of the drum. This class of starting apparatus 
will stand any quantity of abuse and, by the addition of a simple 
current limit relay device, becomes practically a fool-proof pro¬ 
tection for the motor. There are cases where it might be ad- 
/antageous to use master controllers and contactors even with 
smaller motors. 

Alternating-current squirrel cage rotor type motors, two-phase 
and three-phase, up to 5 or 8 h.p., generally speaking, can be 



Fig. 8 


thrown on the line, depending largely upon power conditions. 
Above 5 or 8 h.p. they should be operated by pompensators. The 
self-contained rotor-resistance type would be started by a sliding 
resistance in the rotor, and the slip-ring type by a controller with 
external resistance. 

Upon the convenient arrangement of the control depends, to 
a considerable degree, the output of the tool, and the importance 
of the arrangement from the standpoint of the operator cannot 
be ignored, since the output of a tool will be materially increased 
when an operator can start and stop the tool and obtain at all 
times maximum cutting speeds by simply turning a handle. The 
controller must be placed in a safe position and should be ac- 

I * 
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cessible for repairs, which very often means that some arrange¬ 
ment is necessary to bring the operating handle within easy 
access of the operator. A familiar illustration of the convenience 
of control is the arrangement so commonly seen on lathes, 
whereby the operating handle travels with the tool carriage and 
allows the operator at all times a complete control of his tool- 
The motor and control for moving lathe carriages is perhaps not 
quite so familiar; such an arrangement is shown in Fig. 8, which 
shows a 60-in. lathe, the main drive being a 35-h.p. 635/1270-rev. 
per min. motor and the carriages being operated by a 3;l-h.p. 



Fig. 9 


series motors, while Fig. 9 shows the method of fastening and pro¬ 
tecting the trolley for operating the motors on the lathe carriages. 
The latter illustration shows a 42-in. lathe, and was selected 
because in addition to the regular method of fastening the trolley 
it shows the, change necessary in the supporting brackets if taper 
attachment be used. Strange as it may seem, this most im¬ 
portant feature, the convenience of control, which bears directly 
on production, is ignored in the majority of the tools where the 
control is of the greatest importance. This convenient ar¬ 
rangement of control is shown in the following illustrations 
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Fig. 10 shows an 8-ft. boring mill, driven by a 20-h.p., 600/1200- 
rev. per min. adjustable-speed motor. The cross-rail is raised 
and lowered by a 3-h.p. motor. It was a very easy matter in 
this case to place the controllers in the most accessible posi¬ 
tion for the operator by fastening them to a bracket which in 
turn is bolted to the machine. Boring mills on which it is not 
convenient to have the controller placed as shown in Fig. 10, 
might be arranged as in Fig. 3, previously shown, which calls 
for an extension of the controller shaft, a coupling, a bearing 



Fig. 10 

bracket and an operating wheel; or again as in tig. 11, which 
shows the arrangement of control on a 16-25-ft. boring mill, 
which is operated much as the one shown above but with the 
addition of a universal joint. This mill is driven by a 50-h.p., 
500/1000-rev. per min. adjustable-speed motor, and two 15-h.p. 
constant-speed auxiliary motors. 

In the case of the vertical milling machine shown in Fig. 12, 
it was desirable to provide two positions for the control—one 
that at all times could be operated from the floor line, and one 
traveling with the cutters, which at times might be ten feet or 
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Fig. 12 
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more from the floor. On account of the limited space for the 
controller it was necessary, in order to bring the operating wheel 
in the proper position for the operator, to use spur gears, universal 
joint, and bevel gears. 

Fig. 13 shows a vertical milling machine, driven by a 7J h.p., 
constant-speed motor, and shows clearly the operating wheel 
together with the safety latch which drops in place when the 
controller is brought to the off position. 

On slotters it is often necessary to put the controller on the 



Fig. 13 

left side of the tool with the operating handle on the right, as 
shown in the case of a 12-m. slotter, Fig. 14, driven by a 5-h.p., 
500/1500-rev. per min., adjustable-speed motor. 

Fig. 15 is a 60-in. slotter, driven by a 20-h.p., 890/1330-rev. 
per min., adjustable-speed*motor through pneumatic clutches, 
and for moving the table a 3-h.p. motor is used. Two controlling 
stations were necessary on this machine, the work at times being 
so large that it was not practicable to operate the front wheel, 
yet for the majority of the work it was the most satisfactory 
position. The safety latch for the off position is clearly shown on 
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the operating wheel. The controller is seen on the rear of the 
machine. 

In the case of the milling machine driven by a 5-h.p., 500/1500- 
rev. per min., adjustable-speed motor, shown in P''ig. 16, it was at 
times, on account of the nature of the work, essential that the 
operating handle be placed in the position shown. 

Fig. 17 shows the motor and controller travelling with the 
head of an 84-in. rotary planer, driven by a 15-h.p., constant- 
speed motor, the current being received through sliding contact 
which is on the rear of the machine and is completely enclosed. 



Fig. 14 


The controller is placed under the platform, while the controller 
handle is brought out at the top of the pedestal as shown. 

The horse power required for driving tools calls for the exercise 
of considerable judgment, especially in the case' of alternating 
current motors where power factor enters into consideration. 
Exhaustive tests have been made to determine the amount of 
power required to drive tools, but it is to be regi-etted that many- 
of these tests are lacking in essential features that would make 
them valuable. Conclusions drawn from incomplete data are 
be misleading; as in the case of tests made with motors 
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which are considerably underloaded or overloaded, and where 
efficiencies are not taken into consideration; or where the material 
used and duration of test are not stated; or where there has been 
failure to state whether the test was a practical one or merely 
a breakdown test. The conclusions drawn from breakdown tests 
are often deceptive and should not be used for determining power 
to drive tools; also it does not follow that a tool which stands up 
longer than another under breakdown conditions, will do the 
same under practical conditions. The majority of the formulas 
now in existence for computing horse power required for tools 



Fig. 15 


are generally misleading and useless, and no general formula that 
would be of practical value has been developed, as the power 
required varies with the metal worked, the cutting speed and 
many other conditions. 

The construction of the tool is seldom taken into consideration 
when estimating horse power, yet some of the worm-driven tools 
are notoriously inefficient. Other tools are so constructed that 
the greatest part of the power delivered to the tool is consumed 
in friction losses and not in useful w^'ork; again, the tool may be 
constructed upon approved lines but may not be stiff enough to 
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stand the strains to which it is subjected, thereby causing con¬ 
siderable loss of pow'er, all of which, as well as the difference in 
power due simply to the shape of a cutting tool, has been re¬ 
peatedly proved by tests. In one instance, it required 72 per 
cent more power to drive a plain spiral milling cutter than the 
same cutter nicked. 

The advent of the high-speed steel and the high-power tools, 
together wdth the increased speed of old tools, makes much of the 
data bearing on horse power collected up to a comparatively 
short time ago, of somewhat doubtful value. From the above, 



Fig. 16 

and from the fact that the duty required of a tool in one shop 
may be more severe than that in another, it will be seen that it cannot 
be accurately stated that a definite size of motor is required for 
a given tool. In the majority of cases, however, the horse power 
for small tools has been pretty well fixed. W^ith the larger tools 
the variation in horse power required is much more pronounced, 
and at the same time, is more important on account of the size 
of the motors involved. This variation in horse power is often 
as much as 4 to 1 and sometimes even 6 to 1. 

Considerable difference of opinion has developed as to the 
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advantages of individual versus group drives, and while it is 
generally agreed that it is advantageous to have the larger tools 
individually driven, the agreement by no means extends to the 
smaller ones. Under certain conditions there is no question as 
to the advantages of the individual drive for small tools, as, for 
instance, where small tools are necessarily placed among larger 
ones, or to allow convenient placing of tools in the assembling 
departments. The cases where it would be advantageous to have 
small individually-driven tools are numerous. 

Little trouble is experienced in obtaining new tools already 



Fig. 17 


arranged for attaching motors, since many of the tool manu¬ 
facturers are alive to the superiority of the motor drive and have 
for years built tools especially adapted for motor drives. Un¬ 
fortunately, others have seen fit merely to arrange them for at¬ 
taching motors, while still others leave the purchaser to attach 
the motor as best he can, consequently the best results are not 
always obtained. 

When the driving of old tools by individual motors is under 
consideration, it is important to take into account the nature of 
the work, the speed range, the number of similar tools to be 
equipped and the condition of the tool. It sometimes happens 
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that when a tool in itself would not call for an individual drive, 
certain circumstances might make such a drive advisable. 

As an illustration, when the majority of tools in a shop have 
become individually driven, there might still remain a number of 
scattered tools, which, unless they were driven by individual 
motors, would necessitate the running of a long line of shafting; or, 
in the event of moving into new quarters—a cement building 
perhaps—it is decided not to use line shafting. It is under¬ 
stood, of course, that when old tools are scrapped the motors can 
be transferred to other tools. 

Some interesting methods for attaching motors to old tools arc 
shown in the following illustrations. 



Fig, 18 


Fig. 18 shows the headstock of what was originally a belted 
type, 24-in. lathe changed to a motor drive. This equipment 
makes a very durable and satisfactory drive, and calls for a 
standard 5-h.p., 500/1500-rev. per min., adjustable-speed motor. 
The shaft carrying the sliding pinions and handwheel is made 
large enough to receive the motor shaft, thus avoiding the use of 
a special armature shaft. The illustration shows clearly the 
motor, motor base, yoke, gears, bearing bracket and the quill 
which replaced the old cone. Room was left between the sliding 
pinion and gears in order that the pinions might be turned freely 
when sliding from one gear to the other. 

The 30-in. lathe, shown in Fig. 19, is driven by a 5-h.p. motor, 
and like the lathe shown in Fig. 18, is a most satisfactory drive. 
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Fig. 19 



Pig. 20 
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It differs from the former principally in the use of a positive 
clutch instead of sliding pinions. These lathes, as well as the 
majority of lathes which are motor-driven, are operated by a 
handle fastened to the right side of the lathe carriage to give the 
operator at all times complete control over his tool. 

Fig. 20 shows a 24-in. planer. This is an inexpensive way of 
driving planers up to 42-in. or thereabouts, and has proved 
highly satisfactory. It is a decided advantage to have the con¬ 
troller conveniently located even on planers. 



Pig. 23 

Fig. 21 shows an old 120-in. planer driven through pneumatic 
clutches. In this case there was not room for the controllers 
on the machine so they were placed in the most convenient 
position for the operator, as shown. The small controller at the 
rear of the large one is for operating the motor which raises and 
lowers the cross-rail of the planer. 

Fig. 22 shows clearly the small motor for raising and lowering 
the cross-rail on a 72-in. planer. The main drive, which is 
through pneumatic clutches, is also clearly shown. 
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Fig. 24 



Fig. 25 
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Fig. 23 shows a GO-in. boring mill changed to motor drive, the 
cone having been replaced by gears and motor as shown. 

Fig. 24 shows a turret lathe driven by a TJ-h.p., 500/1500-rev. 
per min., adjustable-speed motor, and a f-h.p., constant-speed 
motor. 

Fig. 25 is a 36-in. chucking machine driven by a 5-h.p., 
500/1500-rev. per min., adjustable-speed motor, and shows a very 
simple method of attaching the motor; in fact, the brackets for 
supporting the motor were originally made for an entirely dif¬ 
ferent machine. 



Fig. 26 

Fig. 26 is a group of drills driven by adjustable-speed motors. 
It would be hard for one who had seen the original group to 
recognize this group of drills as the one originally driven by 
ropes, counterweights, etc. 

The application of motors to tools, whether old or new, is not 
a difficult matter, and from the foregoing illustrations and the 
explanatory comments we trust that the advantages claimed for 
such applications have been made fairly evident. 
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EDUCATION FOR LEADERSHIP IN ELECTRICAL 

ENGINEERING 


BY SAMUEL SHELDON 


Introduction. There seems to be a prevalent opinion that 
engineers in general, and electrical engineers in particular, do 
not occupy as important positions among the leaders in this 
country as engineering enterprises occupy in affairs in general. 
An attempt is made in this paper to determine how far this opin¬ 
ion is warranted, to give the characteristics of electrical engi¬ 
neering leaders, to consider the educational advantages which 
they have enjoyed, to formulate those essential characteristics 
of leaders which can be imparted to the individual by educational 
processes, and to discuss some ol the problems met by educators 
in carrying on these processes. 

The Importance of Electrical Engineering. This can be deter¬ 
mined best from a statistical study. The following data con¬ 
cerning individuals and money values have their origin in 
various United States Census reports. Although they refer to 
different periods during the last decade, they are sufficiently re¬ 
lated to warrant their use in this connection. The importance 
of an item is expressed by the percentage ratio which its oc¬ 
currence bears to all occurrences in the same class. 

The opportunities for achieving great distinction seem limited 
to professional service, the enumeration in the table including 
artists, architects, authors, scientists, clergymen, dentists, 
engineers, journalists, lawyers, federal, state and municipal 
officials, army and navy officers, physicians and teachers. How¬ 
ever, of those having non-professional occupations there are 
73,384 bankers and 792,887 merchants, a f3W of whom have 
achieved distinction in their occupations. 
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TABLE I. OCCUPATIONS OP PERSONS IN THE UNITED STATES. 1900 


Occupations 

Persons 

Importance 
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TABLE 11. DISTRIBUTION OF CAPITAL IN THE UNITED STATES 


Distribution 

Amount in 
dollars 

Importance 

Total wealth of the United States. 

$120,000,000,000 

100.0 

Electric railways (1907). 

3,774,772.090 

3.1 

Central stations (1907). 

996,613,022 

0.8 

Electric manufactures (1905). 

174,000,020 

0.1 

Telephone and telegraph (1907). 

1,034,909,579 

0.9 


The amounts set opposite to ebctric railways and to tele¬ 
phone and telegraph represent the total par value of outstanding 
stock and bonds and include permanent and other investments. 
In the case of central stations the amount represents the total 
cost of plants. 

Assuming that one-half the group of mechanical and electrical 
engineers belongs to the latter class, the number of electricians 
and electrical engineers in the United States constitutes 4.6 per 
cent of those giving professional service, and 4.9 per cent of the 
total wealth of the country is invested in electrical industries. 

The Importance of Electrical Engineers. In order to estimate 
the importance of engineers in the control and direction of the 
affairs of the country use has been made of the book “ Who's 
Who in America,” which has been employed frequently in con¬ 
nection with st,g,tistical studies of educational and sociological 
problems. It contains the biographies of several thousand 
persons whose achievements are widely known in some worthy 
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line of effort. It arbitrarily includes the names of Cabinet 
members, Congressmen, Governors, United States and State 
Appellate Judges, general officers of the Army and Navy, 
Bishops, College and University heads, and heads of the leading 
national societies devoted to educational and scientific aims. 
In the preface of the 1906-7 edition there is a statement as to the 
comprehensiveness of the book, namely, that it 
“ has reached a stage of such completeness in selection that very few 
contemporary Americans of the very highest rank of prominence will be 
missed from its array of notables.” 

All the names of Members of the American Institute of Elec¬ 
trical Engineers and 815 of the 4312 names of Associates, as 
appearing in the catalogue of members under date of August 1, 
1907, have been compared with the list of names appearing in 
the 1906-7 edition of the above book. A similar comparison 
has been made with 1017 of the 2084 Members of the American 
Society of Civil Engineers, employing a list of members issued 
under date of February 1907. The number of engineers as well 
as the number of non-civil engineers whose names are to be 
found in the geographical index of the 1908—9 edition of “ Who’s 
Who in America ” has also been determined. The resulting 
estimates of these investigations are embodied in Table III. 


TABLE HI. NAMES IN “ WHO’S WHO ” 


Source of names 


“ Who’s Who ” 1906-7. 

Members of A. I. E. E. (546). 

Associates of A. I. E. E. (4312). 

Members of A. S. C. E. (2084). 

“ Who’s Who,” Geog. Index 1908-9 

Civil Engineers in index. 

Non civil engineers in Index. 

Engineers in Index. 


Number 

Importance 

16,216 

100.0 

98 ( 

32) 

0.8 

259 

1.6 

18,418 

100.0 

191 

1.0 

367 

2.0 

558 

3.0 


Of all the names appearing in the Index, 3 per cent are of 
engineers—the identical percentage represented by engineers 
as compared with all those giving professional service in the 
United States, as shown in Table I. 

Again of all the names appearing in the 1906-7 edition of 
“ Who’s Who ” 1.6 per cent appear also in the list of members 
of the American Society of Civil Engineers for 1907—the identical 
percentage represented by civil engineers among those of pro- 
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fessional occupation. It is probable that this list includes nearly 
all those holding a place in “ Who’s Who ” because of promi¬ 
nence in civil engineering. The number of names, 259, is larger 
than that of those appearing with the special qualification “ civil” 
in the Index, namely, 191, but there are doubtless prominent 
civil engineers whose names appear in the Index as “ engineers ” 
without any qualification. 

It is also probable that the number of names from the In¬ 
stitute membership, appearing in ” Who’s Who,” 130, includes 

TABLE IV. DEGREES HELD BY NOTABLE MEMBERS 


Degrees 

Number 

Without Degree. 

19 

Bachelor’s Degree. 

39 

B. A. 

16 

B.S. 

16 

B.Ph. 

4 

B.M.E. 

3 

LL.B. 

2 

Engineering Degree. 

45 

M.E. 

24 

E.E. 

10 

C.E. 

4 

Annapolis. 

6 

West Point. 

1 

Master’s Degree. 

21 

M.A. 

13 

M.S. 

6 

M.Ph. 

1 

M.M.E. 

1 

Doctor’s Degree. 

35 

Ph.D. 

22 

Sc. D. 

7 

LL.D.. 

4 

M.D. 

2 


nearly all those inserted therein because of prominence in elec-j 
trical engineering. The number of non-civil engineers, 367,‘ 
whose names appear in the Index, among whom are included 
electrical, mechanical, and mining engineers, as well as a few 
civil engineers, serves as a check upon this estimate. If, therer- 
fore, the electrical engineering profession be considered as em¬ 
bracing those who are designated as ” electricians ” by the 
United States Census enumerators, the importance of its leaders 
among the country’s leaders, 0.8 per cent, is materially less 
than the importance of the profession, 4.6 per cent, and of the 
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related capital invested, 4.9 per cent. If, on the contrary 
“ electricians ” be not included, and they cannot properly be 
included in the professional class, the importance of its leaders 
is slightly greater than the importance of the profession, but 
materially less than the importance of related capital. If 
“ electricians ” be considered as the educational product of trades 
schools, as distinguished from technical schools and colleges, 
the electrical engineer must still be considered, for the im¬ 
mediate purpose, to be not as important as his affairs. 

The results thus far obtained lead to the conclusions that engi¬ 
neers are as notable as they are numerous and that electrical 
engineers are very much over-capitalized. It is possible that 
this may bear the interpretation that electrical engineers are 
overworked and that, therefore, the electrical engineering pro¬ 
fession offers unusual opportunities for young men. 

The Characteristics of Notable Electrical Engineers, The number 
of academic degrees and their designations, held by the 98 nota¬ 
ble Members of the Institute, are given in Table IV. 

The distribution of those degrees among the 98 Members iS' 
given in Table V. 


TABLE V. DISTRIBUTION OF DEGREES 


Number of Degrees 

Holding Members 

0 

19 

1 

42 

2 

21 

3 

10 

4 

4 

5 

2 


Of the Members without degrees 11 had the advantages of 
college instruction but did not graduate and 14 of the holders of 
one degree pursued post graduate studies without receiving a 
second degree. The percentage of Members holding college 
degrees is 80.6 and of those who have had college instruction is 
90.0. The corresponding percentages for those whose names 
appear in “ Who’s Who ” are 56 and 70, respectively. These 
Members, therefore, appear to have enjoyed unusually extended 
educational advantages. Especially noticeable, in the preceding 
tables, is the large number of bachelors’, masters’ and doctors’ 
degrees, and the relatively small number of engineering degrees. 
This is significant as to educational influences but has un- 
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doubtedly resulted from necessity and not from intention, as will 
be concluded from a consideration of Table VI, which gives the 
age distribution of 94 notable electrical and 122 civil engineers. 
It should be remembered, however, that some institutions bestow 
a Bachelor’s degree after completion of courses nearly identical 
with those offered by many other institutions as leading to engi¬ 
neering degrees. 


TABLE VI. AGES OF NOTABLE ENGINEERS 


Ages 

Electrical 

Civil 

30- 34 

3 

0 

35- 39 

17 

7 

40- 44 

22 

20 

45- 49 

31 

12 

50- 54 

5 

13 

55- 59 

8 

18 

60- 64 

5 

16 

65- 69 

1 

14 

70- 74 

2 

11 

75- 79 

0 

5 

80- 84 

0 

2 

85- 89 

0 

3 

90- 94 

0 

0 

95-100 

0 

1 


The average age of the electrical engineers is 46.2 years, of 
the civil engineers, 57.5 years, and of all those whose ages are 
given in V^ho s V^ho, 53.3 years. The electrical engineers 
are therefore too young as yet to be properly judged as to their 
achievements. Inasmuch as the greatest number of students are 
graduated from college at the age of 22.5 years, the average 
of the notable engineers who are the subjects of this study were 
graduated from college in 1883. As stated by Professor Norris, the 
beginnings of formal electrical engineering study in educational 
institutions in this country were made about 1880. This ex¬ 
plains the smallness of the number holding the degree of electrical 
engineer, namely, 10 out of 140. If a subsequent and compara¬ 
tive study be made along the lines herein pursued in 1913, or 
better in 1918, the values of special educational methods may 
be better estimated. 

Before undertaking to determine the educational attain¬ 
ments of the subjects of this study there must be a recognition 
of the fact of original nature and of its great importance in de¬ 
termining life’s progress. Thorndike says: 
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“ It is wasteful to attempt to create and folly to pretend to create 
capacities and interests which are assured or denied to an individual before 
He is born. The environment acts for the most part not as a creative 
force, but as a stimulating and selective force.” 

It must be postulated that persons with a record of extensive 
H-chievements are constituted of the proper clay and that notable 
electrical engineers have inherited the original traits essential 
to greatness. 

Estinaates of the acquired traits of these engineers have been 
obtained from five of their contemporaries who are considered 
to Have good judgment, and who know many of them personally 
and all of them by reputation. Each of them has selected and 
graded ten names of those who appeal to his judgment as of 
greatest achievement in the electrical engineering profession. 
Each has also given a rough estimate as to the extent of attain¬ 
ment of five fundamental acquired traits an exceptional amount 
being marked 1 a noticeable deficiency being marked 3, and all 
other conditions being marked 2. The five traits were mental 
training, distributed and comprehensive knowledge, facility of 
expression, discipline of the will, and aesthetic taste. The re¬ 
sults of these estimates concerning the twelve of highest rank are 
embodied in Table VII. The estimate-marks, corresponding 
to each trait and each person, are arranged in order one above the 
other, so that the mark of any judge is always in the same row 
relative to the top row. One judge, after selecting his ten 
most important individuals, seemed unable to grade them with¬ 
out first analyzing their traits, although he was unaware of the 
fact that he was to be requested subsequently to make such an 
analysis. This person is generally recognized as having superior 
judgment, and this incident is illuminating as indicating the 
mental processes leading up to his making of a decision. His 
estimates are to be found in the fifth row from the top in the 

table. 

In the first column the individuals are represented by the 
letters of the alphabet. In the second column are shown the 
perspective or bulk estimates of the relative ranks of the in¬ 
dividuals as given by the first four of the five judges. A numeri¬ 
cal average of these estimates is also appended. The arrange¬ 
ment of individuals is not in accordance with these averages, for 
weight is given to the extent to which an individual appears 
in the lists of all the judges and to the extent of his acquirements. 
Thus A, B, C, and D appear in all five lists; E and G in four; 
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TABLE VII. ESTIMATES OF ACQUIRED TRAITS 


Indi¬ 

vidual 

Bulk 

estimate 

of 

rank 

Training 
of 
[ the 
mind 

1 

1 

Compre¬ 
hensive¬ 
ness of 
knowledge 

Facility 

of 

ex¬ 

pression 

Dis¬ 
cipline 
of the 
will ® 

Aesthetic 

taste 

A 

2 

3 

1 1.75 

1 

1 

1 

1 1.0 

1 

1 

2 

1 

2 1.6 

2 

1 

1 

1 

1 1.2 

2 

1 

1 

1 

2 1.6 

2 

2 

3 

1 

2 2.0 

2 

2 

B 

1 

2 

2 1.75 

2 

1 1.2 

1 

1 

1 

2 

2 1.6 

2 

1 

1 

2 

1 1.6 

1 

3 

1 

2 

3 2.0 

2 

2 

2 

3 

3 2.6 

3 

2 

C 

4 

1 

4 3.0 

3 

1 

1 

1 1.0 

1 

1 

1 

1 

1 1.0 

1 

1 

1 

1 

1 1.0 

1 

1 

1 

1 

1 1.0 

1 

1 

1 

1 

1 1.0 

1 

1 

D . 

. 8 

4 

5 6.0 

7 

1 

2 

1 1.2 

1 

1 

1 

1 

1 1.2 

2 

1 

1 

1 

1 1.0 

1 

1 

1 

1 

1 1.4 

3 

1 

3 

3 

3 3.0 

3 

3 

E 

5 

5 

— 4.66 

4 

1 

3 

— 1.5 

1 

1 

1 

2 

— 1.75 

3 

1 

2 

2 

— 1.75 

1 

2 

3 

2 

— 2.75 

3 

3 

3 

2 

— 2.5 

3 

2 

P 

3 4.0 

5 

1 1.0 

1 

1 

1 1,0 

1 

1 

1 1.0 

1 

1 

1 1.0 

1 

1 

1 1.3 

2 

1 

G 

6 

7 7.66 

10 

1 

1 1.0 

1 

1 

1 

1 1.25 

2 

1 

1 

1 1.25 

2 

1 

1 

1 1.0 

1 

1 

1 

1 1.0 

1 

1 

H 

7 

— 6.5 

6 

1 

- -1.0 

1 

1 

1 

— 1.67 

3 

1 

1 

— 1.67 

3 

1 

1 

— 1.0 

1 

1 

1 

— 1 . 0 

1 

1 

I 

3 

~ 3.0 

1 

— 1.0 

1 

~ 1.0 

\ 

— 1.0 

1 

— 1.0 

1 

— 1.0 

J 

6 

10 

— 8.0 

1 

2 

— 1.5 

3 

2 

— 2.5 

3 

2 

~ 2.5 

3 

2 

— 2.5 

3 

2 

— 2.5 

K 

9 

8 8.5 

1 

1 1.0 

1 

1 1.0 

1 

1 1.0 

1 

1 1.0 

2 

1 1.5 

L 

9 

8.5 

8 

1 

— 1.0 

1 

2 

— 2.0 

2 

2 

— 2.5 

3 

3 

— 2.5 

2 

3 

— 2.5 

2 

Group ave 

rage . 

1.12 

1.46 

1.46 

1.56 

1.83 
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F, H and K in three; J, K and L in two, and I in but one, as will 
appear upon inspection of the remaining columns. 

Individuals C and F hold unique positions. Of these C has a 
perfect score as to acquired traits, but in bulk estimate he is 
ranked first by one judge, second by another, and fourth by two 
others. A nearly perfect score is held by F, but he appears on 
but three of the five original lists. These apparent inconsisten¬ 
cies are perhaps to be explained by the facts that C has had too 
good taste to pursue glory or wealth while F is young and may 
yet have his opportunity. 

The average of the estimates of the acquired traits of this 
group of twelve picked men shows three things: first, these 
men have broadly developed their faculties and have acquired 
to a large extent the five fundamental traits; second, they are 
especially characterized by their well trained minds; and thirds 
if it be considered desirable to modify existing educational 
methods so as to improve upon the character of the leaders^ 
as exemplified by the individuals of Table VII, attention should 
be directed toward those educational processes which result in 
comprehensiveness of knowledge, facility of expression, dis¬ 
cipline of the will, and a development of an aesthetic taste. 

The Acquired Traits of Leaders. Trained minds are so pre¬ 
dominant in the Institute that a treatment of the nature nf men¬ 
tal training and the points of differentiation between trained and 
untrained minds is considered unnecessary. 

The extent of knowledge is neaily infinite and few have any 
realization of how great it is. As an illustration, in the Dewey 
decimal system of cataloguing books—the system in use in most 
of the large libraries—to each book is assigned a number which 
classifies it both as to its contents and as to its location upon the 
shelves. The first integer of its number places it in one of the 
following ten classes: 

0. General Works. 

1. Philosophy. 

2. Religion. 

3. Sociology. 

4. Philology. 

5. Natural Sciences. 

6. Useful Arts. 

7. Fine Arts. 

8. Literature. 

9. History* 
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Each of these classes represents a large field of human interest 
which can be estimated as to its extent by the number of printed 
books which exist as records of achievements in it. It cannot be 
stated truthfully that any one class is more extensive than 
another. Uniform distribution of books does not exist in in¬ 
dividual libraries, but large libraries differ materially in their 
distributions. For instance, Brooklyn public libraries are 
especially strong in Sociology and Literature, but are not weak 
in any class. 

Each of the ten classes is subdivided into ten sub-classes, 
which again in turn are each subdivided into ten sub-sub-classes 
and so on so far as may be necessary. The book receives in its 
number a succession of integers which successively locate it in 
the subdivisions of the system. In this system electrical engi¬ 
neering bears the number 621.3, being a subdivision under me¬ 
chanical engineering, which latter is itself a subdivision under 
engineering, which last is a subdivision of the main class, Useful 
Arts. An electrical engineering book may also bear the number 
537.8, as comprehending an application of electricity, which is a 
part of physics—one of the natural sciences. Therefore elec¬ 
trical engineering knowledge, as thus measured by the location 
of the books which record it, has an importance, with reference 
to the whole domain of knowledge, of two parts in 10,000 or 
two one-hundredths of one per cent. Of course this is not a 
true indication, and it would be sensational to claim that palin¬ 
genesis, hermeneutics and manichaeism are fully as important 
as electrical engineering. But it serves to call attention to the 
fact that electrical engineering is a very highly specialized field 
for human endeavor and those who labor in it should not permit 
themselves to be confined to its limits. 

That it is desirable for college students to gain at least a 
superficial knowledge of all fields of human achievement is being 
recognized by many educators. Harvard University has re¬ 
cently adopted the following rule which will go into effect with 
the class which is to enter next fall: 

“11. For purposes of distribution all the courses open to under¬ 
graduates shall be divided among the following four general groups. 
Every student shall distribute at least six of his courses among the three 
general groups in which his chief work does not lie, and he shall take 
in each group not less than one course, and not less than three in any two 
groups. He shall not count for purposes of distribution more than two 
courses which are also listed in the group in which his main work lies. 
The groups and branches are: 
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1. Language, Literature, Fine Arts, Music. 

{a) Ancient Languages and Literatures. 

(6) Modern Languages and Literatures. 

{c) Fine Arts, Music. 

2. Natural Sciences. 

(а) Physics, Chemistry, Astronomy, Engineering, 

(б) Biology, Physiology, Geology, Mining. 

3. History, Political and Social Sciences. 

(а) History. 

(б) Politics, Economics, Sociology, Education, Anthropology. 

4. Philosophy and Mathematics. 

(а) Philosophy. 

(б) Mathematics.” 

Leaders as a type have at least a superficial knowledge of the 
subject matter of all these groups and a full knowledge of that per¬ 
taining to at least one group. Formal education of engineers al¬ 
ways comprehends some material of the second and fourth groups 
but is frequently deficient as to the first and third groups. Under 
such circumstances the graduate attains a knowledge of things 
and his thinking self, whereas he is left ignorant concerning 
the methods of thought and of action of man and men. Such 
ignorance is fatal to leadership, for the very word implies a man 
to lead and men to follow. 

Facility of expression, spoken, written, or wrought, is essential 
as a vehicle for the conveyance intact of the definite concept of 
the brain of the man to the minds of other men. Other things 
being equal, the engineer who can speak effectively, as well as 
write, is the engineer who will exert the widest influence. Skill 
in the oral presentation of a plan, in the defence of a position, 
in the advocacy of a reform, or even in the making of a graceful 
and apposite response to a toast, has largely contributed to many 
a man's success. It is especially desirable for those who hope to 
occupy positions of executive responsibility. 

To say that a disciplined will is essential to leadership is to 
utter a commonplace. In these times of intense life, when fatigue 
prevails, when haste kills perfection and thought robs sleep, it is 
indeed a luxury to remain a leader. Will's control of desire must 
be absolute. 

That elusive trait, aesthetic taste, is essential for admission 
to the aristocracy of culture. It must ever remain indefinite 
and will not submit to standardization. While some of its 
elements may be present at birth others may undoubtedly be 
acquired, with a resultant modification of the complex.* 

Doctor Johnson distinguished between natural and achieved 
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taste. He said that if he had no duties and no reference to 
futurity, of all things he would like to drive briskly in a post- 
chaise with a pretty woman at his side. This was his natural 
taste. At the same time he said to Boswell: 

‘ Do not, Sir, accustom yourself to trust to impressions. By trusting 
to impressions a man may gradually come to yield to them, and at length 
be subject to them, so as not to be a free agent, or what is the same thing 
in effect, to suppose that he is not a free agent.” 

That is, our natural likings and dislikings are no safe guides; 
they must be controlled by education. 

It seems evident that a man cannot become a leader of men 

if he be proscribed from intercourse with those who are , wisest 
and most influential. 

The Educating of Engineering Leaders. If it be assumed that 
engineering students, to become leaders, must acquire by educa¬ 
tion the fundamental traits which have been discussed, present 
methods pursued in their education could be improved upon. 

Consider, first, existing institutions which have the usual 
requirements for admission and which bestow an engineering 
degree after four years of work. Their courses and methods 
could be so modifled as to better the chances for leadership of 
all their students. The modiflcations should be three-fold and 
as follows. (1) a new system of selection of entering students 
should be adopted, (2) new subjects and methods should be 
introduced, and (3) time must be found for new subjects. The 
details of these modifications lie without the scope of this paper, 
and the wisdom of attempting them is questionable, for existing 
institutions, which are supported by the state, should be inclusive 
rather than exclusive, and those which depend upon distributed 
philanthropy must ever present the plea of extended usefulness. 

A more discriminative system of selection at entrance would 
undoubtedly decrease the number of students and increase their 
average age. Of course a better resulting quality of product 
would be expected after four years. The great advantage to be 
obtained, however, by this discrimination, is the elimination of 
students of harmful influence, whose characters or circumstances 
militate against earnestness in endeavor and discipline of desire. 

One subject of tremendous educational importance is recom¬ 
mended for consideration, namely, an extended'study of litera¬ 
ture as an art by the appreciative method. Art orders experience 
y t e imagination, employs particularizations presenting truth 
concretely, and appeals to the emotions, to the will, and to, the 
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taste as well as to the intellect. Literature is preeminent over 
the other arts—for its range of suggestion is the widest, it offers 
the most complete and definite intellectual content, and it 
represents life most fully. Its study develops the imagination 
and as Woodberry says: 

“ So far as we realize the world at all beyond the limit of our private 
experience of it, we do so by the power of the imagination acting on the 
lines of reason. * * The scientist lights his way with it; the states- 

man forecasts reform by it, building in thought the state which he after¬ 
ward realizes in fact; the entire future lives to us—and it is the most 
important part of life—only by its incantation.” 

It is significant that, of the 35 volumes which constitute the 
five-foot-shelf library of Dr. Eliot and which are considered by 
him to contain the elements of a liberal education, 22 have been 
classed by an expert cataloguer as “ literatuie 

The education of leaders and of all engineers does not cease 
until their retirement and the problem in hand relates to what 
may be termed their formal education. The general type of 
engineering leader has enjoyed more formal education than would 
be represented by the ordinary four-year course. A modification 
of this course so as to make it an equivalent would probably 
result in a corresponding rise in the average age of graduation. 
Those who recognize the long time required make different 
recommendations as to how it should be occupied, as an arts 
course followed by an engineering course, an engineering course 
followed by an advanced arts course, or a simultaneous pursuit 
of an arts and an engineering course. The last has some points 
in its favor, for maturity is an important factor in the successful 
pursuit of some arts as well as of some engineering subjects. 
But all these plans are faulty, in so far as they contemplate 
the inclusion of arts courses as they are at present taught in the 
ordinary college. There is a total lack of adjustment between 
the colleges and Ametican life, as evidenced by a series of papers 
on this subject presented by prominent educators at the last 
Baltimore meeting of the American Association for the Advance¬ 
ment of Science. Especially evident is the lack of coordination 
between, the arts courses and the engineering profession. Until 
the demands of law, of medicine and of trade are met by ade¬ 
quately modified curricula and methods of teaching a marked 
improvement cannot be expected in a pbn of engineering educa¬ 
tion which includes this instruction. 

But is it not folly to attempt to educate all when the presence 
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of the many who are sure to fail impedes at every step the pi'o- 
gress of those who are destined to succeed? Institutional rivalry 
and individual ambition may say nay, that it is the way of 
democracy. But, if West Point, with its 500 cadets, can so 
adequately supply the leaders for 80,000 armed men, could not 
an engineering school of similar proportions supply the leaders 
o engineers? With the assurance of continued opportunities 
or prornotion, would not choice residues follow each process of 
e imination? What might not a professor accomplish with such 
material? With practical skill, acquired in the post graduate 
laboratory of organized experience, what difficulty could be 
encountered in the construction of a Panama Canal ? Is not the 
per ormance of such a task of greater value to civilization t han 
that relic of barbarism~a victory at arms? The entire feasi- 

Tf institution makes one long to see it building. 

If Federal support be lacking, why not that of those whose 
wealth increases each day as the sweat pours from the face of the 
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Discussion on “ Education for Leadership in Electrical 
Engineering ”, New York, April 15, 1910. 

Charles S. Howe: I shall not attempt to discuss all of the 
interesting questions which have been raised by Professor 
Sheldon, but only one or two points which have struck me most 
forcibly. Professor Sheldon says that the electrical engineers 
who have attained an eminence in their profession do not seem 
to have engineering degrees, at least very few of them have the 
degree of E.E. Now, we have found in discussing the reports 
which have come from the various engineering colleges, that very 
many of the engineering colleges do not give the degree of E.E. 
One or two of the oldest and most noted of the technical schools 
in the country do not grant the degree of Engineer at all, and I 
think that this may account in part, at least, for the fact that so 
few of these eminent engineers have the degree of E.E. 

In discussing the question of leadership and the preparation 
for leadership, I am led to say a word or two in regard to the 
education which we are trying to give in the technical schools, 
which I believe is along the proper lines, whether'for the train¬ 
ing of the ordinary engineer or for the training of the engineer 
for leadership. Among other things, we are trying in the first 
place, to give the students a certain amount of knowledge. I 
sometimes think that perhaps we lay too much stress upon that. 
In the past that has been our principal object, but nevertheless, 
we must give the student a certain amount of knowledge— a 
great number of facts, and of course, he forgets most of this 
before he graduates. But far more important than the giving of 
facts by teaching a few definite things, is the ability in the student 
to know where to find the things he wants at any time of his 
career. That is, the ability to search. If he has been properly 
taught to search he will have received something far more 
beneficial to him than the few facts which he has been able to 
digest and carry away with him. 

I believe that in our technical schools we have not paid enough 
attention to this branch of education, that we ought to teach 
our students to use dictionaries, and encyclopedias, and books 
of reference, libraries in general, the catalogs of the great manu¬ 
facturing establishments, the magazines, the special reports of 
societies, etc., until, when a student is confronted with any 
problem, he will practically know just where to go to find the 
proper information upon that subject. 

The other thing which we should try to teach him is to think, 
to reason for himself. That is the hardest task which we have. 
I believe, however, that it would be possible to lay out^ a sys¬ 
tematic course of instruction in teaching students to think for 
themselves. 

Most men are not leaders, as Professor Sheldon has said, th^y 
are men who follow, they follow the men before them, and this 
process of thinking is, as a rule, at the present time learned by 
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m6Ti thGinsclves, without very much instruction on the subiect. 
If we can only develop^ methods by which students will under¬ 
stand the laws of learning to think, to think along engineering 
lines, we shall greatly increase the number of leaders, and I be¬ 
lieve the leaders themselves will be still greater leaders. 

Professor Sheldon has emphasized the importance of broad 
knowledge, of facility of expression, etc., and I believe that he 
has rightly done so. The technical institutions are fast coming 
to the point where they believe that the instruction in engineer- 

he broader than it has been in the past. 
Perhaps it might well be asked why we do not now insist that 
every student coming to a technical school shall first be a 
college graduate. The reason, of course, has been that the 
technical schools have utterly been unable to graduate men 
enough to fill the places open for them. If all^the technical 
schools required a college degree for admission, we would not be 
able to graduate more than one-quarter as many students in 
tecnmcal schools as we now do, and there would be a smaller 

ready to take^ the positions which are open 
e echnical graduate. That is the reason why, in the past, 
insisted upon the broader training, 
bp Professor Sheldon also that men should 

The subject of English com- 

mn<;+ nf n especially has been greatly neglected in 

most of our technical schools, until within a very few years. 

ow we are egmmng to devote more time to this subject, be¬ 
cause we are finding out that the technical graduates we have 

f any ability to write, without any 

acihty of expression, do not succeed as well as the men who can 

SSs to present engineering 

f pS;.nr ^ P^^^9toTs Or to Organizations like this. ' 

imoroS^Prnfc^ ’I suggestions in regard to 

improvements which might be made in the technical .schools 

h fmethods of admission. I do not know whether 

able to fiS a admission by which we shall be 

take higher rank fn to!’' ability, more energy, who will 

!!! o ^ and who will make better engi¬ 

neers after they get out into the world. I doubt if we can do^it 

by any system of entrance examinations. We can do it how- 
S^cour^e^tht^ technicS^ students while they are in the college. 

further. ^ ^ at times might be carried 

T ^as said that new subjects should be introducpri 

I heartily agree with him. There are many things wrought lo 
teach m the technical schools which we do not teachTow Tt 

T to^u^f that new methods should be employed and again 
I think he IS entirely right. Whether it is going to be posiwe 
to teach new subjects and use new methods il a four^ vears’ 
course, I am very much in doubt. I rather think tLt the 
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technical schools are coming to the conclusion that in the future 
we must have a five years’ course instead of a four years’ course. 
Whether we shall be able to train any more men for leadership, 

I do not know. Leadership depends upon many qualities. 
Now, we can only take the product which comes to us, and try 
to improve it. We cannot make native ability, and some of the 
qualifications for leadership are the natural qualifications of the 
man. These we may improve, but we cannot create them. 

Another thing which is necessary for leadership is the ability 
to get along with and to' handle men. That is something that it 
is exceedingly difficult for us to teach in the technical school. 
It is the man who can work with other men, get along with 
them, and handle them, who generally achieves the greatest 
success. 

Abraham Flexner: It seems to me that in this country we 
liave been rather apt to concentrate our educational processes 
on instrumental proficiency, on the making of men who could do 
particular things efficiently and well—good surgeons, good 
doctors, good lawyers, in the narrow and professional sense in 
which those terms are used. 

The problem which Mr. Sheldon raises, namely as to how 
cultural and vocational standpoints can be combined in any 
one educational discipline, is fundamently a logical before it is 
an educational problem. 

We are dealing here with two apparently exclusive concepts, 
culture and vocation. We ordinarily apply the term “ Culture ” 
to experience in so far as it is expansive, sympathetic, enlarging, 
releasing; we distinguish from culture “ vocation ”, as practical, 
immediate, concent rati ve, limiting. To the engineer, culture 
would seem to be art, history, economics; but to the artist, the 
activities and implications of engineering would have to represent 
the enlarging, releasing, that is cultural aspects of experience. 

The attempt to conceive the cultural and the practical as 
different in kind would, however, break down of its own weight; 
for obviously, any one object or interest can be either the one or 
the other by turns. 

If, now, one particular content may, according to point of 
view, serve in both capacities, being simultaneously culture to 
one man and vocation to another, it is obvious that the distinc¬ 
tion is not really fixed and fundamental. The actual relation, 
instead of being one of permanent opposition or contradistinc¬ 
tion, is, I think, rather to be likened to the relation between a 
map and any town or state upon it. On a map of the United 
States the state of Ohio is, the moment one’s attention is con¬ 
centrated upon it, seen as against all the rest of the map. None 
the less the state is all the time part of the map, from which it 
is at the moment, and from a particular point of view, abstracted. 
We can, I think, conceive the logical relation between culture 

and vocation in some such form. 

Within this inclusive mass, certain typical forms are dif- 
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ferentiated for practical purposes; and any one of them, as seen 
isolated from, and against the background of, all the others, 
becomes an occupation, a vocation, emphasis upon which pro¬ 
ceeds from practical necessity. Any single aspect, when em¬ 
phasized, concentrated, separated , out, from the mass, becomes 
then the vocation of the man who is thus engaged. Everything 
else, representing experience that is beyond him, that he must 
reach out for and go out of himself to get, is, as we say, culture. 

The apparent change in the stuff itself is thus the inevitable 
consequence of the changed angle from which it is regarded. 
The vocational view is near and detailed because the eye is 
fixed, the hand ready to act; the cultural view is vaguer, less 
responsible, more wayward, because it tends to leave the im¬ 
mediate in order to follow out suggestions and clues. It is 
indeed a rare individual that takes easily by turns both attitudes 
towards a single object—as, for example, Metchnikoff can and 
Goethe could do. 

If then, the distinction between culture and vocation is thus 
shifting, conventional, a matter of convenience, a temporary 
point of view, it is clear that there is a certain untruthfulness and 
inadequacy involved whenever the effort is made to isolate voca¬ 
tion from the cultural plexus, to treat it wholly within itself. 
Provisionally such isolation is, of course, warranted in so far as 
it serves a purpose. But relations are falsified if the lines are 
held tight. ^ The inadequacy of a specific and narrow treatment 
of engineering education, such as Mr. Sheldon has pointed out, 
is due, I think, to this unnatural separation of the practical 
ingredients of engineering as a vocation from the social back¬ 
ground and interrelations which really constitute the opportunity 
and content of engineering as a profession. 

It is no more possible to realize in its fulness the meaning of 
engineering or of medicine (when they are taken alone) than it 
is possible permanently to treat the state of Ohio as an entity. 
Within any one geographical division there are indeed certain 
relations to be established and certain facts to be learned. But 
our knowledge of it is dead unless these threads are followed out 
beyond state lines into the rest of the map. 

If, then, this logical relationship that I have pointed out 
is sound, it follows that vocational or professional training must 
have a background, the whole background of our social life, just 
as the activities and interests of engineering must themselves be 
part of the background for men whose vocations lie in other 
parts of the field. 

The word cultural cannot then be restricted to any particular 
set of interests and activities. It is nothing but an historic 
accident that the untechnical treatment of literary and artistic 
subjects has come to be specifically known as culture. 

The details of an educational scheme which shall seek to put 
into effect the relationship that has been pointed out can hardly 
be discussed in the few moments at my disposal. We have 
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learned well enough how to educate for the vocational life; but 
not as yet how to achieve the vocational with due deference to the 
cultural, as the Germans have done; we have yet to solve that 
problem. The medical schools are just now experimenting 
with what they call the combined course—^the effort, that is, 
to combine the culturaband the vocational treatment of certain 
fundamental medical sciences. 

The technical training of the engineer, like the technical train¬ 
ing of the doctor, is focused on details; it does not lift its eye to 
follow out into the tangle of life the lines of suggestion that would 
enrich and diversify and enlarge. It stops at the state line, to 
recur to the metaphor of the map. And all the time this un¬ 
natural isolation defeats itself—^for the engineer, like the phy¬ 
sician, is one of the builders of the future. The narrowly tech¬ 
nical ’education makes him just instrumentally proficient; 
only if his training extends out into the cultural tangle, will he 
get a voice in determining the line that social evolution shall 
take, only then will he be a creator of the future and not merely a 

tool of the present. , x- i 

I wonder if it may not turn out—I speak very hesitatingly 

—^that the engineering school will have to define its purpose 
anew, revising its procedure in conformity therewith. ^Tour 
years do not suffice to produce a highly specialized engineer, 
with cultural outlook besides; to train a boy in both instru¬ 
mental and cultural mastery of the art. Perhaps the lines of- 
the technical school may have to be laid down more broadly, 
on the assumption that a subsequent apprenticeship may shape 
the young graduate to his definite practical use. Time and in¬ 
terest might thus be gained within or prior to the engineering 
course for the cultural as well as the technical treatment oi tne 


content of its curriculum. , • x u..,. 

Doubtless such a treatment sounds very leisurely just when 
we are finding time too short. I believe that' economical use 
of the years available for schooling will make possible interesting 
and perhaps successful experiments in this direction. At any 
rate let us not be afraid to experiment. Outside the elementary 
school we are not as yet, unfortunately, given to educational 
experimentation. I cannot believe that there is really any mg 
to be feared in conceding to secondary school or college teachers 
a much freer field of experimentation than they have as yet been 
flowed. As a matter of fact, the great .problem in education 
as in society, is not how to prevent, but how to secure innovation. 

In this new modern world, which the engineer has done so 
much to reconstitute, we creatures of habit, continue in a futile 
and feeble way to do the things that 

turies past. It will take a good deal of philosophic and logical 
dynamite to blow the thing to pieces and clear the way for a 

fresh, adequate, and modem construction. _ 

T. W. Lieb, Jr.; We are living in a practical age, a period of 
intense industrial activity and large accomplishments—ours 
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is the age of cooperation and efficiency. It is not enough that 
a given task be accomplished, or a vast public work completed, 
the world asks also, has it been done efficiently, with a rea¬ 
sonable economy of time and money, and with a proper adapta¬ 
tion of the means to the end. 

While this close scrutiny is given to the relation between 
expenditure of effort and result achieved, between input and 
output, between cause and effect in the material accomplish¬ 
ments of our times, a scrutiny not less searching and thorough 
is being directed to our educational methods and their highest 
product—the college graduate. 

One of the important questions occupying the public mind 
at present, and upon which the searchlight of inquiry is being 
directed, is this: 

Is the college graduate of to-day, the finished product of our 
universities, our colleges, and our technical schools, occupying 
a position in professional activities, in the industrial world, 
and as a citizen, which justifies the expenditure of time, mone 3 ^ 
and educational effort sacrificed in his preparation? 

Is the college graduate successfully fulfilling a distinct mission 
in our social system not only in furthering industrial develop¬ 
ments, not only as a leader in thought and an exponent of cul¬ 
ture in its highest sense, but also as an effective force making 
for righteousness in the community, and is he making his 
service and sympathies felt in the uplift and progress of hu¬ 
manity ? 

Is his success in life—measured also by purely commercial 
standards—such as to demonstrate without question that the 
time and expense necessary to produce him, is a wise invest¬ 
ment? 

I think Professor Sheldon has afforded several clues to the 
consideration of some of these questions. He has referred in his 
paper to the specialization in the field of electrical engineering. 
This hardly needs emphasis, as we know that in our institution, 
the American Institute of Electrical Engineers, we are beginning 
already to sub-specialize within the domain of electrical engineer¬ 
ing, and we find that this subject of itself is becoming already too 
broad for one man to become expert in all of its ramifications. 
This has also taken place in the past history of the broader 
field of engineering, and now the technical schools in mechanical 
engineering find it most difficult to fairly cover the field with the 
tremendous expansion which electrical engineering has brought 
about, and they are face to face with the proposition of subdivid¬ 
ing their courses into the several constituent fields. 

Dr. Sheldon has referred to the importance of facility of ex¬ 
pression, both oral and written. This is a subject which appeals 
to me very strongly, because as a matter of experience, I have 
found that it is one direction in which the product of our technical 
schools is most apt to be deficient. The product of the technical 
school has had strongly instilled into him the power of analysis, 
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the method of approach, the weighing up of the pros and cons 
of a problem, but it is my opinion that he has not been sufifi- 
cientlv well grounded in the power of expressing and of pre¬ 
senting his conclusions. This is a most irnportant elem^ , a 
most important faculty, which the successful engineer should 
possess if he wishes to present his findings and have them 
adopted; the power to clearly and strongly present his views, to 
be able to defend them with good judgment and force, so as to 
impress the people who are to place their money 
iudgment. In this particular direction it appears to me that our 
technical schools might well devote a larger share of attention. 

It has seemed the purpose of the discussion to take up the 
suggestions which Dr. Sheldon has made as to the modifications 
in the present methods of technical instruction. As one grows 
older, one feels the lack of the broader culture to which repeated 
reference has been made, which it has not been possible for the 
technical schools to give. This is a serious Proposition as we 
are already face to face with the evident necessity of expand“g 
the course from four to five years. This expansion is of pressing 
importance, from the standpoint, one might say, of vocationa 
requirements, and where, usually, the time for a_wider acquaint¬ 
ance with the humanities is not afforded. This is a serious ques¬ 
tion which the engineer is facing. It is almost impossible for the 
engineer to make up for lost time after graduation. The ^^^e 
sity of following the tremendously rapid developments in all of 
the fields of eniineering makes self-culture a matter of extreme 
difficulty; and therefore, the _most_ that the 
school can hope to accomplish is to instill into the minds of th 
students a love for purely cultural studies, for ^ ’ 

in all their various manifestations, m the expectation that ttey 
may be followed during more mature opportunities that come 

in after professional life. .... . ..u 

We all know that the responsibilities resting upon the engi¬ 
neer are ever increasing. Many subjects, such as ° 
sions, systems - of compensation for labor, pnson labor child 
labor, and subjects of this character, are left in the hands of 
lawyers or professional politicians. Now, this 
case. The professional engineer who has come in contact with 

these subjects in their various manifestations should take a more 

active part in developing the public mind and directmg the 
activities of the state and the nation m the direction of meeting 
these living questions. In order to do this it is ^ 

engineer to have something more than a merely vocatio 
training, it is necessary for him to have a -mde basis of culture, 
wide human sympathies, and a wide knowledge m many 
and it is to be hoped that our technical schools will rise to the 
opportunity of conferring upon their students a , 

recognition of the value, even to the vocational man, of 

basis of culture and entertaiiuiierLt. ^ . a u t\ 

A. E. Kennelly: Some of the statistics presented by Dr. 

Sheldon, while they seem strange at first sight, may perhaps 
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be explained withont great difficulty, as he has himself sug¬ 
gested. For example, the fact that there are comparatively 
few electrical engineers with the degree of M.A. is a fault that 
time will rectify; because there has not been opportunity in the 
past to obtain many electrical engineers among the men who 
have received that degree. Again, the fact that we have no 
notable electrical engineers over seventy-four years of age, ought 
not to be interpreted on the understanding that the good die 
young, because the profession is still too juvenile. 

In regard to the vexed question as to what subjects are cul¬ 
tural and what subjects are vocational, I would venture the 
proposition that all subjects are either vocational or cultural 
merely according to the way in which they are taken and given, 
and that there is no other criterion. In fact, I would go so far 
as to say that in a certain sense all subjects are equally worthy 
and equally grand. There is no subject which, of and in itself 
is more worthy or more deserving of study than any other 
subject, if treated in a broad sense. It is only when considei*ed 
with reference to some particular vocation, or some particular 


duty that certain vStudics become of preeminent importance. 


The selection of specific technical subjects ol study is of absolute 


necessity, in order to economize time; because the training 
3 ^ears arc limited, and we cannot indefinitely stay in school. 

In regard to the requirements or qualifications for leader¬ 
ship, I think we must all agree with Dr. Sheldon in the general 


propositions that he offers, but I think there is one item that 


deserves some emphasis; namely that the qualifications which 
arc competent to train men to lead arc also qualifications that 
tiain men to follow; that men, before leading, must be able to 
follow, and that the requirements of the man who shall follow 


are discipline, and faithfulness, and earnestness in whatever 
he undertakes. 


It seems to me that the qualities for training in following, 
depend largely upon the cultivation of ideals. Ideals cannot 
be created any more than learning can be created, but ideals 
can be fostered. 


I believe that the elevation of ideals is of the greatest import¬ 
ance, so that anything we do, whether we sweep a floor or put 
up a station, may be done with the best of our ability, and with 
whole soul. By that criterion alone is our work to be judged. 

William McClellan: I think it would be interesting if Dr. 
Sheldon, in connection with Table 7, would arrange to weight 
the various qualities, instead of considering them all of equal 
value, so that when we come to the general average, we should 
have some way of discovering whether the judge would claim 
1.83 or 1.12 as a direct comparison. In other words, would he 
consider “ training the mind ’b “ comprehensiveness of knowl¬ 
edge'b “facility of expression”, “discipline of the will", 
and “ aesthetic taste ” as all of more or less equal value. 

We all look at questions of this sort from different points of 
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view, and as I think of the men whom I should consider leaders 
in electrical engineering, I find that their leadership is not on 
account of their wide knowledge of electrical engineering but is 
due to their having the same qualities that make certain lawyers, 
clergymen, or medical men leaders. That is to say, it is these 
characteristics or attributes of the man, himself, which give him 
leadership and that these characteristics or attributes are general. 

Now, it may be stated quite positively that a large accumula¬ 
tion of detail information does not make a man a success. 
Success comes from reasoning along original lines,and such rea¬ 
soning is possible only if the man has a thorough understanding 
of fundamental underlying principles. 

History has shown that a physicist or a chemist with a thor¬ 
ough understanding of the composition or properties of matter 
has been able to do engineering work of the highest order when 
called upon, although his training in details of engineering has 
been very scanty. 

The possession of this general fundamental information by a 
man on leaving college is all the more important when it is, re¬ 
membered that, for the most part, he is hunting for a job and is 
willing to take it in any branch of engineering, whether in the 
particular one for which he prepared or not. 

I believe that there is sufficient evidence now of a change in 
our educational courses to show an effort to produce men trained 
as engineers rather than as certain kinds of engineers. Unity is 
being introduced gradually; and, perhaps, some day, we shall 
have a broad professioii of engineering, like, at present the pro¬ 
fessions of law and medicine. 

Personally, I should be very glad to see the colleges of the 
country give up all consideration, in the undergraduate courses, 
of special engineering degrees; and give to all their students the 
same course, graduating them with the degree of Bachelor of 
Science. 

In the arrangement of our college courses, we could learn a 
great deal from a consideration of what is done in medicine and 
in law where the undergraduates take practically the same studies 
barring, perhaps, a few electives in the senior year, and specialize 
when they get out into practical work. 

President Stillwell: I want to call attention to two things 
that have been emphasized particularly. In the first place, I 
do not agree with Mr. Lieb entirely with regard to what he said 
about the difficulties of self-culture after graduation, I believe 
that the man who stops his education upon graduation, and 
exclusively specializes, makes a great mistake. ^ There are any 
amount of opportunities for a man to continue his education in a 
manner that is broadening and effective. The other suggestion 
is this; that education in almost any line that teaches logic and a 
sense of proportion is engineering education.^ In constructive 
engineering the most valuable faculty, in my judgment, is that 
which may be designated as the sense of proportion, what the 
painters would call perspective. 
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In one large engineering undertaking some years ago I had 
occasion to have the number of contracts determined which 
entered into the equipment; which had nothing to do with civil 
engineering, nothing to do 'with the digging of holes in the 
ground, but simply with equipment, mechanical and electrical. 
These contracts were not divided, they represented links in a 
chain. There were one hundred and seventy of them. Now, 

I think it is not often realized that there are so many factors 
entering into a large modern engineering construction in the 
electrical and mechanical field. No mathematician can possibly 
produce an equation representing the values of the factors en¬ 
tering into that aggregated plant. The mental characteristic, 
which is comparatively rare, and which after all is the most 
valuable, is something which may come partly from education, 
but I believe it is largely innate, that is, proportion and judg¬ 
ment, to determine relative values, and to aggregate the factors 
which enter into one of these complex matters in a manner that 
will produce an operative, well balanced and economical result. 

Wm. J. Berry: The discussion of this paper has been very 
interesting, and all the speakers seem to be in substantial agree¬ 
ment with the writer. It is surely most significant that men 
who have attained eminence in the practice of their profession 
have joined with educators in pleading for a broader train¬ 
ing for the engineer. It seems to me, however, that we are in 
grave danger of losing sight of an important factor in the prob¬ 
lem of engineering education—the student himself. There is a 
certain limit beyond which not even the best student can work 
efficiently, and in planning our curricula, care must be taken 
not to exceed the average limit of the students who remain after 
all the elimination tests, to which reference has been made, 
have been applied. Some of the “ haste which kills perfection,'’ 
of which Professor Sheldon speaks, has, undoubtedly found its 
way into our technical schools through a desire to do more than 
can be accomplished with thoroughness in the allotted time. 

The college of the humanities, aiming to give cultural training, 
applies to the subjects studied the extensive and appreciative 
method; the technical school, the purpose of which is vocational 
instruction, employs the intensive and critical method, yet the 
latter institution usually requires a greater number of courses 
than does the former. Harvard College demands for the 
bachelor’s degree a minimum of seventeen and one-half courses 
(or the equivalent in half courses) of which not more than six 
may be taken in any one year, recently there came to my 
notice the case of a student in an engineering school of estab¬ 
lished reputation, one of the best two men in his class, who, at 
the end of the first semester of his senior year had to his credit 
the equivalent of sixty-one half courses, representing a total 
about double that of a college senior, and an annual average 
of seventeen half courses as compared with the latter’s maximum 
of twelve. The college man spends from fifteen to twenty hours 
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a week in attendance on lectures, the technical student devotes 
from thirty to forty to rec^uired work in the lecture hall and in 
the laboratory. 

We are all agreed that the ideal training for the engineering 
leader must consist partly of vocational and partly of cultural 
subjects in the sense in which those terms were defined by Dr. 
Flexner, but even with the five years course suggested by Pro¬ 
fessor Sheldon, not many new subjects can be added to the 
existing curricula, unless it be possible at the same time, to 
eliminate some of those already present, or better methods of 
instruction can be found than any now employed. 

A. S. Langsdorf: It seems to be the general opinion of con¬ 
tributors to discussions on engineering education that the average 
product of the traditional four-year course is, if not actually 
mediocre, at least so little beyond that stage as to be damned with 
faint praise. Most criticisms of the usual curriculum are so 
vague in their constructive tendencies as to be valueless, while 
many offer remedies impracticable because of the limited time 
available. But to whatever extent the strictures are justified 
by the facts, it cannot be questioned that Dr. Sheldon has gone 
to the root of things by pointing out the necessity of adopting 
a new system of selecting entering students; for that, to my mind, 
is the crux of the whole problem. It may well be doubted 
whether refinements of the course of study are of any value to a 
student who lacks some generations of cerebral development, 
no matter whether that lack be due to heredity or to early en- 

11" O T1XXX G Ifl. "t 

Any one who has had to do with the administration of technical 
schools knows very well that the hardest work falls upon ^ those 
whose duty it is to eradicate from the freshmen mind the “ kin¬ 
dergarten idea” of education. Our preparatory^schools are so 
strenuously engaged in maintaining the pupils’ interest that 
there has been a distinct loss in the disciplinary features that 
make for real efficiency; the interest of the student is an im¬ 
portant element, but it is not the paramount issue. 

The institution which aims to develop leaders as its principal 
output, and not as a by-product, must deliberately put aside the 
temptation to brag about the size of its student body, and must 
recognize the fact that there is such a thing as an aristocracy of 
intellect. While any man is the better for a schooling, it is given 
to few to be educated. It has been said that the American 
standard in higher education is a rather high average and a 
corresponding low maximum; what is wanted is an educational 
“ load curve ” with more “peaks ”, or at any rate, higher ones. 

Signs are not wanting that technical schools are alive to the 
demands being made upon them; witness the developments of 
recent years in the way of lifting engineering education to a 
really professional basis by the introduction of more or less corn- 
plete graduate courses. It is a practical certainty that engi¬ 
neering education is going through the same evolutionary process 
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that has characterized the development of medical education, 
and for identical reasons. 

Samuel Sheldon: In reference to the discussion of Mr. Howe, 
with regard to my recommendation that a new systeni of selec¬ 
tion of entering students should be adopted, I think it is well 
recognized that nearly one-third of entering freshmen should 
never have come to the technical school. What they lack is 
not that which the school or any one else can give them, but is 
natural ability. Examinations, conducted along standard 
methods and lines, cannot determine much else than the candi¬ 
dates’ acquired abilities. There should be, it seems to me, for 
proper justice to those who are expecting to become educated, an 
examination that will determine whether or not the proper 
natural traits are present. 
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EMERGENCY GENERATING STATIONS FOR SERVICE 
IN CONNECTION WITH HYDROELECTRIC TRANS¬ 
MISSION PLANTS UNDER PACIFIC COAST 

CONDITIONS 


BY A. M. HUNT 


No matter what care and skill are exercised in designing and 
constructing a hydroelectric plant, with accompanying high- 
tension transmission lines, absolute continuity of service is a 
thing which cannot be assured. This is more particularly true 
of our western plants as compared with those of the eastern 
section of the country, and is especially true in California. Practi¬ 
cally all of our important hydroelectric planta are located on 
streams which find their way down the western slope of the 
Sierra Nevada range of mountains through deep canyons. The 
sides of the canyons are usually very steep, and furnish very poor 
foothold for ditch construction. The cost of driving tunnels is 
usually prohibitive, and in the majority of cases, box flumes, 
built of lumber, arc used to carry the water. 

Our winter season is one of rains and heavy precipitation, 
and it is not infrequent that flumes go out, due to water-soaked 
foundations, slight leaks undermining footings, breaks caused 
by falling rocks, or other causes. This means an interruption 
of power service. Interruptions may and do come from line 
troubles due to many causes. 

Interruptions of service were more than occasional in the 
earlier days of transmission work on the coast, and even to-day 
with the better construction and design, and greater care and 
watchfulness in operation, they occur often enough to be matters 
for serious consideration. 

The best means for avoiding the serious results from inter- 
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ruptions of service, is to reduce the period of time during which 
power is off the line. Any interruption of service is serious, 
but if a prospective power purchaser could be assured that 
his interruptions would be a minimum, and that when they did 
occur, they would be of very short duration, he would not be 
so apt to refuse to purchase power from the hydroelectric 
company on the score that the supply was not dependable. 
Such shortening of duration of interruption can best be ac¬ 
complished by having at the receiving and distributing point an 
emergency generating station, maintained at all times in such 
a state of preparedness that it can be started and put on the 
line in the shortest possible time- 

Under the conditions existing in California, it may become 
necessary to operate such a stand-by plant continuously for con¬ 
siderable periods, due to seasons of low water, and it is, therefore 
desirable that its economy should be good. In fact, I believe 
I may safely state that no stand-by plant has been installed on 
the coast which has not become an important operating factor of 
the system with which it is connected. 

I propose to discuss the type of stations for this service, 
making comparison between a station having generators driven 
by gas engines, and one in which steam-driven turbo-generators 
are used. I shall try to establish the thesis that the turbine 
station can he so designed as to he built at much less cost than 
the gas-engine station; that it can he kept in a state of prepared¬ 
ness where it can be put into service on the line as promptly 
as the gas engine station; that its stand-by charges will be less 
than for the gas-engine station; and that its economy, when called 
on for continuous operation, will he at least as good as that of the 
gas engine station. 

Premises Assumed. The station shall have a capacity for 
continuous operation of 25,000 kw. at 85 per cent power factor. 

Crude petroleum will be the fuel used both for generating 
steam and for gas making. 

The station to be located at a point where spur-track facilities 
are available, and where ample water supply can be had. 

In making comparison of economies with station in continuous 
operation, it is assumed that the load factor will be 50 per cent. 

General Outline of Gas Engine Station 

The station will contain 12 units, each having a continuous 
load capacity of 2085 kw. at 85 per cent power-factor. The size 
of unit is small for a station having such a large capacity, but it is 
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extremely doubtful if any of the engine builders will agree to 
build and guarantee larger engines, especially for use with gas 
made from oil. The experience with the large gas engines in the 
Martin station of the Pacific Gas and Electric Company indicates 
that the safe limit was passed there. 

The following quotations from recent letters received from 
one of the large gas-engine builders is also confirmatory: 

From reports made by various members of our engineering depart¬ 
ment, who have noted the large continental engines in operation, we gather 
that while some very large cylinders are still operating in the single- 
acting type, the European, and particularly the German companies, who 
have built larger than 42 inch or 44 inch diameter, using cast iron as the 
material, have been compelled to replace practically all of their cylinders, 
leads us to believe that they should not be attempted at all in cast iron, 
and if steel is used with cast-iron bush, the cost per brake h.p. will be 
much larger than a smaller sized unit, without any gain in efficiency or 
lessening of operating expense. 

If economy is the controlling factor, it would seem to us that a size 
such as our 37J in. x 48 in. (3100 brake h.p.), which can be made safely, 
with cast-iron cylinders would be a better proposition than a larger 
engine with longer stroke and larger diameter of cylinders which it would 
be necessary, or desirable, at least, to make of cast steel. We can readily 
understand how large power houses want turbine units of very large ca¬ 
pacity of 10,000 kw. or more, as the economy of the turbine unit increases 
perceptibly as the sizes grow larger, and these very large units can show 
economies which are difficult to reach with the smaller sizes, but with the 
gas engines, if there is any difference at all, the reverse is the more likely 
to be true, as cylinders of moderate size can be effectively cooled and used 
with water of ordinary temperatures, while with the very large cylinders, 
in order to keep certain spots from getting hot enough to ignite the gas, 
other parts of the cylinders have to be kept unnecessarily cold. The de¬ 
sirability of good parallel operation also tends to cause a choice of smaller 
cylinder diameters, as with very large engines the slow speed and great 
number of poles cause the generator builder’s requirements for operation 
to be very close indeed, and the weight of the flywheels becomes pro¬ 
hibitive, both from the point of first cost and from the ability of the bear¬ 
ings to stand the load without heating. 

The gas required per 24 hours will be 7,500,000 cubic feet, 
based on 650 B.t.u. per cubic foot, 50 per cent load factor, and 
assuming that by reason of the relatively small size of units, the 
engines will always be operated at approximately full load. 

The gas-generating plant will consist of three oil gas sets, 
each capable of producing 2,500,000 feet of gas per day, with 
necessary condensers, scrubbers, and purifiers, and a holder 
capacity of 2,250,000 cu. ft. to equalize the daily load. It is 
assumed that the units will have twin tandem engines, and the 
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over-all size of foundation for one unit will be 70 ft. by 30 ftl 
Allowing for passages, the size of electric generating station will 
be 76 ft. by 400 ft. if engines are placed in one continuous line, 
or 152 ft. by 200 ft. if placed in two parallel lines. The station 
will have the usual compressed-air starting equipment. 

General Outline of Tupbo-generator Station 

This station will be assumed to contain two turbine units, 
each having a continuous capacity of 12,500 kw. at 85 per cent 
power-factor. Each unit will have its condensing equipment, 
and the boiler plant will contain water-tube boilers in units of 
the largest size available. The boiler settings to be. built so as 
to lose as little heat as possible by radiation • from exposed sur¬ 
faces. All boilers to have tight fitting dampers, which may all 
be opened from a central point. The oil and steam supply for 
burners to be controlled from the same central point, and so 
arranged that burners may be operated from such point. It is 
also figured that igniters will be fitted in the furnaces which can 
be operated from the central point, so that fires can be started 
under all boilers simultaneously. 

The boiler capacity in the station is assumed to be -such, 
that maximum load can be carried by forcing boilers 33-J per 
cent beyond builder’s rating. This is easily done with oil fuel. 
Neither economizers nor superheaters will be used. 

* In connection with the plant will be installed heat storage, 
consisting of vertical steel cylinders containing water under a 
temperature due to 200 lb. steam pressure, thoroughly protected 
with heat-insulating material. The water and steam spaces of 
these cylinders will be connected with the boilers through auto¬ 
matic stop valves which will open whenever the pressure in the 
boilers is greater than in the heat storage cylinders. In the heat 
storage cylinders will be installed internal electric heaters having 
capacity sufficient to maintain the temperature of the water in 
them, or, in other words, to supply the heat losses from radia¬ 
tion and convection. The capacity of these heat-storage cylinders 
to be such, that by reduction of the gauge pressure from 200 
to 25 pounds, sufficient steam will be formed to operate the plant 
at full capacity for thirty minutes. All steam connections to 
be as short and direct as possible, and all precautions used to 
keep radiation and condensation losses at a minimum. 

On the above assumptions, the following calculations are based: 

Rated Horse Power of Boilers Required. The turbines will 
require at 12,500 kw. load with 175 lb. steam pressure, 28 in. 
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vacuum, and without superheat, 16.69 lb. of steam per kw-hr. 
To handle auxiliaries of the plant and the oil burners will require 
10 per cent of that required for the main units, or the total 
maximum amount of steam per hour required will be 459,000 lb. 
This can be furnished by 11,475 rated h.p. of boilers, working 
at 33-} per cent overload. It is assumed that this boiler power 
will be installed in 16 units of 720 rated h.p. each. 

The amount of heat storage required in connection with each 
of the above boiler units is calculated as follows: 

When the pressure on water under a temperature due to 200 
lb. steam pressure is reduced to 25 lb. about 13 per cent of the 
water will pass into, steam at gradually reducing pressure. The 
assumption was made that the heat storage shall be capable of 
furnishing steam for the plant for 30 minutes at full load, or 
229,500 lb. This is increased by 33^ per cent to allow for re- 
duced economy of the turbines with the falling pressure, which 
calls for 229,500 plus 76,500, or 306,000 lb. As 13 per cent of 
the water in the storage cylinders passes into steam, they must 
contain 306,000 divided by 0.13, or 2,353,847 lb. Each of the 
16 boiler units will, therefore, need 147,116 lb. of hot water in 
storage. Assuming the water to weigh 60 lb. per cubic foot 
at temperature due to 200 lb., the volume of the containers will 
be about 2800 cu. ft. This volume will be provided by one 
cylinder, 12 ft. in diameter by 26 ft. in length, allowing steam 
space over the water. Each of these cylinders will weigh ap¬ 
proximately 120,000 lb., and will cost delivered and in place not 
to exceed 6} centsper lb., or $7,800. Each storage cylinder will 
supply 1563 kw. of station capacity, or the cost of storage per 
kilowatt capacity of plant will be about $5.00. These figures 
are given to show that the cost is not prohibitive. 

Comparisons 

Comparison of First Costs. The cost of the gas-making station, 
as above outlined, is assumed as being $1,000,000, complete 
with buildings and storage. The figure is based on data pro¬ 
cured within the past two years, and if in error, is possibly too low. 

' The cost of the electric generating station complete, including 
gas engines, generators, piping, switchboards, wiring, foundations 
and buildings will be approximately $2,250,000, based on recent 
quotations. 

At these figures, the cost per kilowatt capacity of station for 
combined gas and electric plant will be $130 per kw. 
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The cost of the steam-turbine plant complete,* including turbo¬ 
generators, boilers, heat-storage cylinders, piping, condensers, 
switchboard, wiring, foundations and building will not exceed 
$1,500,000, based on recent quotations. The cost per kilowatt 
capacity of station is, therefore, $60. 

The steam-turbine station cost is approximately 46 per cent 
of that of the gas-engine station. 

Comparison as to Rapidity of Getting into Operation on the Line. 
It has been demonstrated in the Martin Gas-engine station, 
previously referred to, that one of the large engines can be 
brought up to speed, its generator synchronized, and connected 
to the line in 30 seconds. In order that this may be done, how¬ 
ever, the operator must be at his station when the signal is given. 
In the station assumed, 12 engine operators would be required, 
each at his post, all equally trained to accomplish this, and 
probably an equal number of switchboard operators. Even 
then, difficulties in synchronizing such a number of machines 
simultaneously would probably take a longer time. The expense 
of keeping such a large operating force as this calls for, is too 
great to be feasible, and I assume that each operator will handle 
two engines, and that he will get the two generators on the line 
in two minutes. I should consider it exceptional work if the 
entire station could be in operation on the line in two minutes. 

In the case of the steam-turbine plant, the following sequence 
of operations would be followed: The turbo-generators would 
be operating on the line as synchronous motors to assist in regu¬ 
lating power factor, and with vacuum maintained on the steam 
ends, with the air pump operating. Steam would be in the 
main line up to the throttle valves, also on oil-burner line. If 
current on the line fails, the rotors of the units will continue to 
revolve for many minutes. Immediately on notice, the operator 
will begin opening his throttle valves, and energizing his fields 
from a storage battery, and could easily synchronize the two ma¬ 
chines and get on the line within less than two minutes. The 
air pump, if operated during the period of starting from the 
storage battery, would require no attention, and if a jet condenser 
is used, the only requirement in connection with circulating 
water is that the injection valve shall be opened. 

Concurrently with the above, the boiler-room operator will 
release and open all boiler dampers at one operation, and from the 
same central point put steam and oil on all burners, and by the 
use of electric igniteis start fires under all boilers simultaneously. 
The steam pressure in the heat-storage cylinders will gradually 
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fall until at the end of 30 minutes it will have reached 25 lb. 
By the expiration of that time, the boilers can be brought to 
steaming condition under a pressure of 25 lb. or more, and will 
pick up ohe load. 

T consider that I have reasonably established the fact that 
the steam-turbine station can be put on the line as promptly 
as the gas-engine station. 

Comparison as to Stand-by Charges. I shall consider this on 
the basis of the annual stand-by charge per kilowatt of capacity 
of plant. 

Assuming that the fixed charges of interest, depreciation and 
taxes will amount to 10 per cent, which favors the gas-engine 
plant, the annual charge against the gas-engine plant will be 
$13 per kw. and $6 against the steam-turbine plant. 

I will assume that the gas-engine station proper can be taken 
care of by two crews of six men each at the engines, and two at 
the switchboard, which is certainly more than fair to it. ThcvSe 
men will get not less than $100 per month, or an annual pay roll 
for station of $19,200. 

The gas-making plant will also require two crews, each as¬ 
sumed to require six men w’^hich number is an absolute minimum. 
Their average wages will be not less than $100 per month or an 
annual pay roll of $14,400. The combined pay rolls will be 
$33,600, or an annual charge of $1.34 per kilowatt of capacity. 

To keep the gas-generating plant in condition such that it 
can begin making gas with a reasonable degree of promptness, 
the generators must be kept fairly hot, which will require ex¬ 
penditure of fuel. I have no data of my own as to the fuel 
necessary for this purpose. Mr. E. C. Jones, chief engineer of 
the Pacific Gas and Electric Co., informs me that with an ex¬ 
penditure of 150 gal. of oil per day, it is possible to keep a 
2,500,000 cubic-foot oil-gas set, at a temperature such that it 
can be brought to condition for commencing to make gas in 
20 minutes. Three such sets will, therefore, take 450 gal. per 
day. The annual stand-by fuel charge, oil being figured at $1.00 
per barrel, will amount to $3,911, or 16 cents per kilow'att of 
capacity. 

It is assumed that the steam-turbine station will require 
two crews, each composed of the following; two turbine 
operators, one switchboard man and two firemen. The average 
monthly wage is taken at $100 per month, which w'ould make the 
annual pay roll $12,000, or 48 cents per kilowatt of capacity. 
The heat-storage cylinders will be covered with extra thick heat 
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insulating covering, around which will be built an enclosing 
shell of brickw^ork. It is assumed that the heat losses per square 
foot of shell, per fahr. degree difference of temperature per 
hour, will not exceed 0.1 B.t.u, The total surface of all heat 
storage proposed is 37,728 sq. ft. With a temperature of ex¬ 
ternal air of 70 degrees fahr., the heat loss per hour will be 
689,790 B.t.u. The main steam piping that will be under steam 
will have a surface area of not to exceed 3,500 sq. ft. The 
loss from this surface is taken as 0.2 B.t.u. per degree difference 
of temperature per hour, or a total loss on account of such surface 
of 221,900 B.t.u. The combined loss of 911,690 B.t.u. is equiva¬ 
lent to 359 h.p-hr., or 270,kw-hn 

In other wwds, it will only be necessary to use a little over 
1 per cent of the capacity of the plant to keep the heat storage 
and main steam pipes up to temperature, as the electric heateis 
will transform the energy at practically 100 per cent efficiency. 
I think I may safely state that any of our hydroelectric plants 
have for at least 22 hr. per day energy going to waste in an 
amount much greater than 1.1 per cent of the peak load, and that 
under such circumstances the waste energy should not be con¬ 
sidered a charge against the plant. The radiation losses, as above 
taken, would in two hours reduce the temperature of the water 
in storage less than one degree fahr., so if no waste energy were 
available for two hours daily, the effect so far as the value of 
the heat storage is concerned would be negligible. The original 
heating of the water, and restoration of temperature of the 
water in the storage cylinders after a run would be accomplished 
by the use of steam from the main boilers. 

It is assumed that steam will be kept on one 300 h.p. boiler, 
to operate pumps, to supply steam to burner lines and as an 
emergency precaution. An allowance of 450 gal per day will 
maintain pressure on this boiler, and permit the use of 1000 lb, 
of steam per hour, and at $1.00 per barrel will amount to a 
yearly charge of $3911, or 16 cents per kilowatt of capacity. 

The stand-by charges per kilowratt capacity of the two plants 
will be as follows: 


Fixed charges 

Pay rolls. 

Fuel used.... 


Gas engines 
$13.00 
1.34 
0.16 


Turbines 
^ $ 6.00 
0.48 
0.16 


$14.50 


$6.64 


Total stand-by charges... . 
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i The stand-by charges for the turbine plant are less than 
4.6-per cent of those for the gas-engine plant. 

It would be entirely legitimate to make a small charge against 
the gas-making iplant for maintaining steam on one of its boilers, 
but this has been neglected in the above. 

; If the entire loss of heat frorn storage cylinders and piping 
were made good from the auxiliary boiler, the annual fuel charge 
for this service would not exceed $2,000- 

: , I believe the above discussion proves my statement that the 
stand-by losses of the turbine station will be less than for the gas- 
engine, station.: 

;' Coffi^GTison as to Costs of Continuous Operation. If I-have been 
correctly informed, the manufacturers of the large gas engines 
at the Martin station, previously referred to, guaranteed them to 
deliver a brake horse power-hour on 18 cu. ft. of oil gas. No 
data as to the results acutally obtained have ever been given, 
out, but .from such information as I have been able to get, I do 
not' believe that , the results are any better than those indicated 
above.; 

From a paper read before the Detroit meeting of the American 
Gas Institute by Mr., E. C. Jones, chief engineer of the Pacific; 
Gas and Electric Co.,, in October, 1909, I take the following data : 

■ There will be required 8^ gal. of crude oil to produce 1000 cu. ft. 
of gas, and from the process of manufacture there will be a by¬ 
product of 20 lb. of dry lampblack' per 1000 ft. of gas made, 
which should be credited to the gas-making process. A portion 
of, the lanipblack- will be required for generating steam used in the 
manufacturing process. It is impossible by any method of 
treatment so far found economically practicable, to reduce the 
moisture content much below.: 25 per cent and it is generally 
fire.di'^hen containing at least this much moisture. I assume 
that at least five of ,the 20 lb. will be used for generating steam, 
leavmg lSdb. to be credited. 

c-Them is W "this lampblack can be used in the 

plgnt OutHned herein for gas-making, although water gas ap¬ 
paratus could be installed to utilize it Mr. Jones in the article 
prey.ipuely cited, sratesdliat using the lampblack in w'ater gas 
apparatus, 40 lb. wet lamp-black (30 lb. dry) will make 1000 cu. 
ft., using 6.8 gal. of oil for enriching,- .- As 8^ gal. of oil are used 
for 1000 cu. ft. of gas under the straight oil gas process, each 30 lb. 
of lampblack saves 1.53 gal. of oil, or for the 15 lb. excess pro¬ 
duced in making 1000 ft. of oil gas, 0.77 gal. In order to give 
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the gas-making process every credit ic can be entitled to, I 
deduct this 0.77 gal. from the 8-| gal., leaving 7.56 gal. net, charge¬ 
able to each 1000 cubic feet of gas made. 

If the generator efficiency is 95 per cent, and 18 cu. ft. of gas 
are used per brake horse power, the amount used per kilowatt 
hour will be 25.24 cu. ft. The number of kilowatt hours per 
barrel of oil, from the data above, is 220.1. 

To arrive at the kilowatt hours at the switchboard per barrel 
of oil in the steam-turbine plant, the following assumptions 
are made: That the average load-factor on the turbines will 
be 75 per cent when in operation; that the auxiliaries of the 
plant will require 10 per cent of the steam taken by the main 
units; that the evaporation of water will be at the rate of 12 lb. 
per lb. of oil. 

The turbine assumed, is one where the .steam consumption 
at three-fourths load will be no greater than at full load, or 
16.69 lb. per kilowatt hour. Adding 10 per cent for auxiliaries 
gives 18.36 lb. of steam required per kilowatt-hour, or at the 
evaporation assumed, 1.53 lb. of oil. The oil weighs 336 lb. per 
bbl., and the number of kilowatt hours per bbl. of oil will be 
219.6 as against 220.1 for the gas engine. Attendance and fixed 
charges have been previously shown to be less in the case of the 
steam plant, so I consider that I have established the remaining 
statement as to economy made in the earlier part of this paper. 

I have endeavored in the argument made to use data and 
assumptions that in all cases favor the gas-engine station, and 
feel that on this score I have opened the door to criticism by 
proponents of steam plants for this class o^ service. 

In closing, I cannot refrain from calling attention to the de¬ 
sirability of fuller information relative to the gas engine station 
at Martin, which I have previously cited. Judging from current 
reports it does not seem to have been an entire success. It is 
said that it is still in the contractor’s hands, five years after in¬ 
stallation, and that the purchasing company has abandoned it so 
far as use is concerned. Nothing has ever been published re¬ 
garding its difficulties and troubles nor as to its economic results, 
and I hope that in the discussion of this paper those who know 
the facts will give the engineering profession the benefit of them. 
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Discussion on Emergency Generating Stations tor 
Service in Connection with Hydroelectric Trans¬ 
mission Plants Under Pacieic Coast Conditions.” 
San Francisco, Cal,, May 5, 1910. 

President Stillwell: Accepting the reasoning of this paper, it 
would seem unquestionable that in this case the installation of 
large gas engine units instead of steam turbine units, was a 
blunder. The paper can be criticized fairly, I think, in respect 
to some details of the assumptions upon which its estimates are 
based. For example, I think that if the auxiliary plant is 
intended not only to be operated for a short time, in the case 
of an interruption in the transmission service, and also to be 
used in conjunction with the transmission of power in case of 
low water, the unit chosen is too large. The modification, how¬ 
ever, that would result from changing the size of the turbines 
would not affect very materially the annual stand-by charges 
of the two plants. 

L. Jorgensen: Nearly all water power companies of im¬ 
portance have found it necessary to keep auxiliary power plants 
in their greatest load centers, especially if these are large cities. 
The units in these plants are mostly steam driven, and, in order 
to be in readiness for service, part of the boilers are kept under 
steam at all times. 

The expense connected with keeping the boilers under steam 
is considered to be of less importance than the additional as¬ 
surance against long interruptions of service. Mr. Hunt has 
brought out a new device which promises to do away with the 
necessity of keeping the boilers under fire. This idea seems very 
simple and possible of application. Where real estate is high, 
there may be some objections to the extra space required for the 
heat storage cylinders, as these cannot be installed anywhere, 
but will have to be located near the boilers, in order not to com¬ 
plicate the steam piping too much. 

The space, however, occupied by a plant of this kind will 
always be less than that required for a gas engine station. Where 
space water power is available during the greatest part of the 
24 hours, electric heaters seem to be very appropriate for com¬ 
pensating for the radiating losses, otherwise it would seem to be 
more efficient to use super-heated steam (or saturated steam) 
from the 300 h.p. boiler kept under steam continuously. 

Mr. Hunt is very conservative when he allows per cent 
for reduced economy in the turbine. It is true that with steam 
at 25 lb. gauge, expanding to 28 in. vacuum, about 33 per cent 
less energy is given of, than with steam expanding from 175 lb. 
gauge to 28 in. vacuum. Therefore, the actual loss would be 
the average loss, or 16.5 per cent. The turbine should lose but 
very little in mechanical efficiency if a few tricks are used. 

Suppose the steam turbine is a five-stage impulse turbine 
designed for best economy at 150 lb. gauge pressure at the throttle. 
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This turbine will still have a high efficieiicy when worlcinp' with 
steam of 175 lb. and 125 lb. pressure. At about 75 Ih. pressure 
the hrst stage cannot be used any longer and must be by-passed. 
At this pressuie the steam has twice the volume, and therefore 
only about one-half the weight per unit volume as at 175 lb! 

The energy of the flowing steam is and as the mass at 

75 lb. is only half that at 175 lb., the nozdes in the first sta<^e 
are not big enough to let a sufficient quantity of steam through 
to pull full load and cannot be made big enough if the velocities 
of steam are to be right. The velocity v must be kept practically 
constant, in order not to lose in mechanical efficiency, as all 
the dinerent blade angles are only correct for one value of 
Cffitting out the first stage means a loss of about one-fifth in 
eiTiciency, but this loss has already been allowed in the 33 per 
cent. As further expansion takes place and the throttle pressure 
approaches 2o_ lb. it becomes more difficult to keep the velocities 
in the remaining stages at their correct value. It will perhans 
be necessary to work the pumps somewhat harder to increase 
the vacuum j m. or so, not so much for the extra power de¬ 
rived thereform as this would probably be used by the pumps 
but in order to keep the velocity of the steam through the dif¬ 
ferent stages at its proper value. In this way the turbine 

will not lose perceptibly in efficiency through the whole 
performance. 

K. G. Dunn : 1 think there should be a further e.xplanation 

made regarding the title of the paper. This should state that 
1 IS under Pacific coast conditions, and it should also state under 
our present knowledge of gas manufacture. 

It is unquestionably true that the thermal efficiency of the 
gas engine is much higher than the thermal efficiency of anv 

therefore, it seem.s rather paradoxical to state 

that the efficiency of the steam plant is higher than that 'of the 

gas plant. 

’W hen we start with fuel, oil, and contemplate that 8| gallons 
of oil are required for 1000 ft. of gas, we have a gas generator 
efficiency of approximately 50 per cent, while a boiler efficiency 

fictliif+w^ maintained, and in that 

tact lies the increased efficiency of a steam plant over the gas 

engme plant. I think the estimates are conservative for the gas 
engine plant. ’With high hydrogen gas, it is impossible to obtain 
the economies stated in the paper. 

There is another point which comes under the head of hot 
water storage,_ that we suggested for a plant something like five 

P’"* “ electrical heaters in connection 

“ circulating pipe, 

the action being smiilar to that of a house boiler. One of these 
heaters and circulating pipe would be connected to each individ- 

with^t^^inft^fl without interfering 

with the installation of the plant at all. There is a plant on the 
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coast to-day that is making up designs and working this pro¬ 
position, out, and unquestionably it will make a good proposi¬ 
tion . 

A few years ago, the transmission companies felt that auxiliary 
plants were not necessary, but in Los Angeles, San Francisco, 
Portland, Seattle, Spokane and all of the other large centers and 
congested districts on the Pacific Coast, each one of the operating 
companies has adopted the plan of installing a certain percentage 
of steam auxiliary plants to the total hydroelectric output, 
and unquestionably we will see developments along the lines 

as suggested in this paper very soon._ 

L. Cory; Mr. Hunt, in his consistent and careful manner, 
has with discrimination chosen the subject of the paper, namely, 

“ Emergency Generating Stations for Service in Connection with 
Hydroelectric Transmission Plants under Pacific Coast Condi¬ 
tions.” While what I may say in discussion has no direct 
application to the principal points in the paper, yet I trust it 
wm have a general application to the subject. . 

Notwithstanding the definiteness with which the subject has 
been treated by Mr. Hunt, a man who has given much attention 
to the generation of power and the use ot the gas engine, but 
who is more familiar with the power situation under eastern 
conditions than on the Pacific Coast, after rea,ding Mr. Hunt s 
paper expressed some surprise that the conclusions of Mr. Hun 
did not indicate that the gas engine has an important position 

in the large power generating station. . 

I have been fortunate in having discussed_ the applicatipn of 
the gas engine for the generation of electric power with the 
author of the paper and I wish to draw attention to some _ot the 
points showing the difference between the emergency station on 
the Pacific Coast and the general use of the gas engine as largely 

used in many eastern industrial plants. _ 

A specific illustration given careful consideration within the 
oast year will illustrate the difference _ between the conditions 
discussed by Mr. Hunt and those evidently assuined by the 
individual mentioned, who from his experience evidently has 
a great belief in the gas engine. The situation under considera¬ 
tion required the provision of a power plant having a total ca¬ 
pacity of approximately 10,000 kw. for the operation of a large 
copper mine. It had been shown by careful investigation that 
the body of ore to be worked would keep the mine and mill 
continuously in operation for a period of not If^s ^han twenty 
years. At the power plant site California fuel oil costs $1.65 
per barrel, this price being fixed by a 65-cent cost “ 
plus freight. On the other hand. New Mexico coal could be 

Obtained at a total cost of approximately $5 

being obtained by adding to the cost of the coal at the mine the 

freight to the power house site. The question to 

was what kind of' a plant to install,_ hydroelectnc with trans 

mission line, gas-engine or steam driven units. 
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Ultimately without question there will be a hydroelectric 
plant installed to work in conjunction with the reserve plant at 
the mine, but what was under consideration at this time was the 
choice of type of reserve plant to install. 

Upon careful investigation it was found that there were a 
great many places where gas plants are in successful operation, 
but none on the Pacific Coast using gas made from our California 
crude oil. Producer gas has not up to the present been made for 
large units from California oil. By producer gas I mean gas 
having a thermal value of from 150 to 200 B.t.u. per 100 cu. ft. 
If I understand the situation the gas used at the Martin station 
is the ordinary illuminating gas, having a heat value of from 
600 to 650 B.t.u. per thousand feet. The quality of gas used 
in your gas engines will very materially affect the operation of 
the engines and the service derived therefrom. 

In connection with the reserve station, in this particular 
instance of the 10,000-kw. plant for the copper mine, the distance 
of transmission would be approximately 60 miles, and as a 
result of three separate investigations the complete cost of such 
a hydroelectric plant would be $250 per kilowatt of station 
capacity, which would correspond to about $300 per kilowatt 
which could be delivered. The load factor on the plant will be 
between 90 and 95 per cent, and under such circumstances it 
would seem that the water power plant must be given very serious 
consideration. However, the reliability and continuity of 
operation in this instance were of such great consequence, as 
has been well indicated by Mr. Hunt, that the reserve steam 
station is now being built, and will be in operation before the 
hydroelectric plant can be completed. 

In addition to the points that I desired to bring out regarding 
the distinction between conditions as set forth in the paper and 
existing on the Pacific Coast, and those conditions which are 
quite different where blast furnace gases or producer gas is used 
in many plants in the East, I have one question to ask in direct 
reference to the paper regarding the capacity’of the steam 
turbines to continuously carry full load when the steam pressure 
drops to the comparatively low figure mentioned in the paper, 
or to question the capacity of the turbines and generators under 
such low steam pressure,conditions to carry the full normal load. 

L. L. Johnston: In selecting oil as the fuel to be used in 
several types of power plants of which comparisons are made, 
the steam turbo is immediately placed at considerable advantage 
over a gas engine plant in so far as costs of construction and 
operation are concerned. The abundance of low priced oil on 
the Pacific Coast, the high efficiency and capacity of steam 
boilers when oil fired and the very low first cost of an oil fired 
steam plant has compelled the adoption of oil as fuel and steam' 
as the type of equipment for a plant in preference to all others. 

The writer noted recently a large steam turbo-emergenev 
plant near the city of Seattle within a few miles of coal mines and 
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where coal is cheap. Yet this plant was fired with oil shipped 
from California. 

It has been shown by estimate and experience that the gas 
engine can make the best showing only where fuels are com¬ 
paratively expensive or where a low grade of coal or lignite must 
be used for fuel which gives poor results when fired under steam 
boilers but good results in gas producers. An oil gas producer 
has not yet been developed of sufficiently low cost and high 
efficiency to permit its adoption in connection with gas engines 
for general power purposes. 

Considering the above, in discussing Mr. Hunt’s paper, the 
most that can be shown in favor of the gas engine is that it can, 
under some conditions, do considerably better than set forth. 

Regarding the size limit of gas engines having been reached 
in the largest units now in operation, it will be recalled that the 
same was said twenty years ago of 15 h.p. gas engines. 

To-day there are several hundred thousand horse power 
capacity of large gas engines in the east. Most of these are in 
steel mills and in units of 3500 to 4500 h.p. capacity each. One 
of these units at Bessemer, Pa., has been operating continuously 
night and day for the past six months with a total loss of only 
three hours during that time. 

Several experienced builders are now developing gas engine 
generator units of 5000 kw. capacity. 

Some years ago when the Martin,station-was planned steam 
turbos of 12,500 kw. capacity there were not yet in commercial 
use. Also, the larger sizes which could have been selected were 
at that time going through a stage of development and giving 
more or less trouble, and the best ones required some minutes 
in which to be warmed, brought up to speed and put into service 
withput damage to themselves. The gas engine had already 
demonstrated its ability to be put into service in a short time 
after standing cold. 

Considering that the company owning the Martin station was 
already in the gas manufacturing business, that its gas equip¬ 
ment could be used in connection with gas engines, and with the 
other above facts in view, it seems logical therefore, that it 
should have selected gas eimines to be used in its electric stand-by 
plant. 

It has been remarked that the principal difficulty with the gas 
engines at the Martin station is caused by the high hydrogen 
content of the gas supplied, which has resulted in cracked 
cylinders. 

However, gas engines are operating successfully at a plant 
in Lebanon, Pa., on coke over gas which contains a greater 
percentage of hydrogen than the oil gas at the Martin^ station. 

Experience has shown that some designs of gas engines will 
operate successfully on a gas ■ containing a comparatively large 
percentage of hydrogen while others will not. Also^ that some 
designs of gas engine cylinders will crack from various causes 
wjaile others will not. 
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The fact that the gas engines at the Martin station have been 
in a state of overhaul so much of the time since their installation 
looks bad. However, inasmuch as the design of engines is 
different from the successful ones now operating in this country, 
the trouble must be laid to a design which has^ not yet been 
perfected. Had the engines been of the same design as those in 
the eastern steel mills, the results might have been quite dif¬ 
ferent, the plant a welcome place to visitors and its merits dis¬ 
cussed by engineers throughout the country. 

Taking up the several comparisons in the order given by Mr. 
Hunt. 

1. Comparison of First Costs. The first cost of the stepi 
plant is favored in that it consists of only two large sized units. 
Should one of these become disabled only 50 per cent of the plant 
would remain for service. While in the gas plant about 92 per 
cent would remain should one unit become disabled. 

It appears that the steam plant should have an additional 
turbo-unit to make it more comparable with the gas plant. On 
this basis the steam plant would cost approximately $72 per 
kw. of capacity on a 25,000-kw. rating. 

Regarding the cost of the gas making station $1,000,000 
appears rather high tension though the writer has no costs at 
hand to show otherwise. However, it must be remembered 
that the gas generating station of the Martin plant forms a 
part of the company’s domestic gas manufacturing equipinent 
and contains much apparatus, that would not be required in a 
strictly power gas plant. The gas generators there have a rated 
capacity of 3,500,000 cu. ft. of gas per day each and can be 
pushed to 4,000,000, or, each unit can supply gas for more than 
9,000 B.h.p. capacity of engines. This large capacity of gas 
generator units should contribute toward a low first cost of the 
plant. These gas generators are simple in construction and 
consist principally of steel shells 16 ft. in diameter, lined with 
fire brick and filled with brick checker work. 

Considering the fact that at the Martin station the gas plant 
forms a part of the company’s domestic gas equipment and that 
several large gas holders and relay gas generators are necessary 
in any event, it will be seen that the first costs and operating 
charges against the gas engine plant*an be materially reduced 
below those given. 

Estimates have been prepared which show that large gas en¬ 
gine electric stations comprising engine generator units of the 
largest size used in the eastern steel mills, together with coal 
gas producers, can be constructed complete for $100 per kw. 
A similar plant but with oil gas producers, especially if con¬ 
structed in connection with a domestic gas manufacturing plant 
should not cost more than $100 per kw. 

Considering the above, the first cost of an oil fired .steam plant 
would be approximately 72 per cent of that of an oil fired gas 
engine plant. 
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2. Comparison as to Rapidity of Getting into Operation on 
the Line. In this comparison it appears that the possibilities of 
the gas engine have been neglected. 

Special consideration is given to the general design and ap¬ 
pliances for the steam plant to facilitate its economical con¬ 
struction, operation and quick starting, namely; the plant is 
designed with only two large sized units; a storage battery sup¬ 
plies the exciter current. Heat storage tanks supply steam 
instantly, and an arrangement is devised by which all the boilers 
may be started simultaneously from a central point. 

In order for the gas plant to maintain its record of starting 
in 30 seconds, it is pointed out that twelve engineers would be 
necessary, also an equal number of men at the switchboard. 

There are several movements necessary to start a gas engine, 
all of which could be operated from a central point by a device 
similar to that described by Mr. Hunt, to be used in connection 
with his steam boiler plant, and all of the engines could be 
started and brought up to speed at the same time. 

Regarding the problem of synchronizing a number of gas 
engine generator units, it is possible by having the exciting 
current flowing in several generators, to start them all and bring 
them up to speed in step. With this method of paralleling, 
combined with starting all units from a central point, it would 
be possible to start the entire plant as one unit and put it into 
service within 30 seconds and with a minimum of engine and 
switching labor. 

3. Comparison as to Standby Charges. Based upon the fore¬ 
going figures it will be seen that the costs of a gas engine electric 
plant when operated in connection with a domestic gas manu¬ 
facturing plant can be reduced considerably below Mr. Hunt's 
estimates. 

4. Comparison as to Costs of Continuous Operation. Several 
years ago Mr. H. G. Stott, before a meeting of this Society in 
New York, called attention (Transactions A.I.E.E. 1906), 
to the high economies possible to be obtained with a combined 
plant consisting of part steam and part gas equipment, so arranged 
that the waste heat from the gas part could be utilized toward 
generating steam for the steam part. The advantages in first 
cost and fuel economy of such a plant are so marked that it 
appears that any estimates for plants in which gas engines are 
considered, should cover this type of plant rather than a straight 
gas engine plant. The highest efficiencies attained in steam 
practice are accomplished largely by returning for use all possible 
waste B.t.us. with the assistance of economizers, feed water 
heaters, condensers, etc. Similar refinements in gas engine 
plants have not yet come into general use. However, they 
are being developed along the lines now followed in steam prac¬ 
tice . 

The oil gas generators at the Martin station are not as efficient 
thermally as they might be if designed especially for power 
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purposes. Much heat is now wasted to the atmosphere in the 
process of heating the brick checker work and in cooling the gas 
which might be utilized in generating steam for auxiliary power 
uses. 

The writer has prepared estimates showing comparative costs 
of a steam turbo plant and a combined steam and gas plant 
both using oil fuel. In the case of the combined plant it is 
assumed that the waste heat which can practicably be recovered 
from the gas engines and gas generators is delivered to the steam 
part of the plant in feed water. Also, that the lamp black re¬ 
sulting from gas making is burned under the boilers of the steam 
plant, together with the necessary fuel oil. 

The assumptions are that each plant will contain 25,000 kw. 
capacity of equipment; the combined plant consisting of 15,000 
kw. capacity of steam and 10,000 kw. of gas equipment. The 
combined plant is arranged so that the gas part runs continu¬ 
ously at nearly full load while the steam part handles the variable 
load and peaks. Also spare units would be included in the 
steam equipment. 

The first cost of the steam equipment is taken at $65 per kw. 
and the gas at $115 per kw. on this basis the excess cost of the 
combined plant over the straight steam is $500,000. 

The annual costs show that the combined plant can make a 
saving in the fuel item of $117,152 over that of the steam plant. 
However, on account of the higher fixed charges of the com¬ 
bined plant, the total annual net saving over the steam, amounts 
to only $55,153. This saving by the combined plant will 
pay 11.1 per cent interest on its excess cost. 

This saving is perhaps not sufficient to warrant the con¬ 
struction of a combined plant under the conditions assumed. 
However, should a combined plant be constructed in connec¬ 
tion with a gas manufacturing plant under conditions similar to 
those at Martin station, the first cost of the gas engine plant 
could be somewhat less than shown above. Also the labor 
charges against the gas engine plant would be somewhat less. 
Estimates for a combined plant on this basis, and assumptions 
similar to those above, taking the cost of the gas equipment at 
$105 per kw. and the steam at $65, show that the combined 
plant can be constructed for an excess cost of $400,000 and that 
its annual saving will amount to $73,000. This saving will pay 
18 per cent on the excess cost. This should be sufficient to war¬ 
rant the construction of such a plant and considering that this 
is based upon oil at $1.00 per bbl., which price may advance, 
there should be ample margin for safety in such a conclusion. 
Further economies could be obtained by returning to the power 
plant the waste heat from .the gas manufacturing part of the 
plant. 

The combined plant as estimated will give 266 kw-hr. per 
bbl. of oil. 

While there are some conditions where steam turbo plants are 
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obviously better suited, it would seem that all considerations 
of large fuel power plants should include a close investigation 
of the possibilities of the gas engine. 

A. H. Babcock: It seems to me that in this gas engine dis¬ 
cussion, as in many others of an engineering nature, we engineers 
are prone to look at the economies in a physical sense and not 
enough toward the economies in the financial sense. The court 
of last resort in regard to such things is the balance sheet. 

Mr. Hunt, in his paper, has mentioned 650 B.t.u. gas as used 
in the engines in the hypothetical station he has constructed. 
It seems to me that his figures need a little revision in this par¬ 
ticular, and that it will be safer to work with gas not quite so 
rich. When gas as rich as 600 or 700 heat units is ignited in an 
engine cylinder there is a real explosion, whereas producer gas 
of 130 or 150 heat units ignited in a cylinder gives a result more 
nearly in the nature of a push; the one is like dynamite, the other 
is like old fashioned black powder. We have heard a great deal 
about the high hydrogen content of the gas used in the Martin 
station engines as the origin of much of their trouble. It seems 
to me that the very rich quality of the gas has more to do with 
the difficulty than the hydrogen. 

Mr. Johnson has been investigating gas engine projects on 
the West Coast for the last year, and is, therefore, especially 
qualified to have an opinion on them, particularly with reference 
to the economic side. He has found in many cases that while 
there are very cheap fuels available, and a high physical economy 
of the plant can be shown, the high first cost of the machinery 
and apparatus produces fixed charges so high that the physical 
economies of the processes are entirely wiped out, as far as the 
balance sheet is concerned. It seems to me that we are much in 
the same position with relation to our water plants, especially 
where there is more water in the securities than in the hydraulic 
systems, and it is my opinion that it is possible to coristruct a 
steam plant, oil fired, almost anywhere on San Francisco bay 
and compete successfully with the highly capitalized long distance 
transmission line power. I am aware that on many balance sheets 
the matter of fixed charges is not taken into account as it should 
be, and that reports made by engineers to financial men are 
misleading frequently in this respect. It is immaterial whether 
we ignore these fixed charges entirely, or whether we transfer 
them to the next generation, the fact is that they must be paid 
some time, and therefore it is misleading not to take them into 

account in our financial statements. 

K. G. Dunn: I wou.ld like to call attention to one fact that 
should be taken into consideration when comparing gas engine 
plants with steam plants. In a gas engine plant,^ there is no 
possible overload capacity whatever. ^ In the ordinary steam 
plant, each unit is capable of a continuous overload capacity 
of not less than 25 per cent, and it has a peak load capacity^ of 
50 per cent overload. When you take the peak load capacity 
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cal° unquestionably true that a steam plant 

A one-half the cost per kilowatt. 

There is one point, Mr. President, I think 

are 24,000 kw. is extraordinarily large, and there 

S outing i companies that would be justified 

that the i?1ar^H magnitude. It has occurred to me 

Mr^Sfn?+ ^ smaller than that, and though 

shnw?oi«^ ^ matter very fairly, I do not think the paper 

Smcitv Th« t “Phitions of one-third or one-half that 

^apacity, that these conditions would be favorable or as favor- 

thil^Wnd reference to putting in plants of 

know^^ntht^ transmission. It is intercUing to 

ik milet an?tlK n-? transmits power 

iiow^rrA-fe- ^ “ its stations, and is 

onT Sstniie^Ff P'lp^ber of stations, because it is going into 
Sefi^ a?d cfJ '^® consider a composite plant of 

wouM Swl-n ^ turbo-unit, I am afraid we 

we be?^ ^ ^ ® '^here would 

concision? but hf^hi®’ "°t in the 
a debate or^niuli^^ method presented, which starts out like 
ment whi^h I't presentmg in the beginning the state- 

both sides of tho^n^^t*^ maintain rather than by presenting 
SSe o7d Au and then drawing the conclusions 

£d L sLld h? ^® not an advocate 

advocate one «i‘ri« ^ being put in the position where he must 

oi/o”t nn? st^am electric plant we burn 

the las enS^^i^^P!?^'^®® i^ii°^ntt-hours at another. But in 
proefss of devebpini poTer^"" 'weaknesses, in the 

1. The process of making gas is intermittent. 

.0 

in these two fundamental defects lie the inefficienev of tho 

S “JSS development. As a generalpropost 

S; or l2^ W ?f°,^®K ®®® inefficient because they waste 

StS larVer nuf the imchine 

etc ^ HerioA^+L ® larger, it wastes, more time,. 

ttae and £ Sf nlSd.,?! waate 

nr^nF Pollings efficient we make them “.hum ” that «■ 

Th«TwhSwe??iS '“*> of tin.;: 

wX whepl TFk F ®^®,®^"® the tangential or turbine 

all the power unitq^thp^i^^^^ P^o^iP’ steam turbine, etc. Of 

is the simplest ^ngential water wheel driven generator 
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In the steam turbine process of developing power we have 
practically a constant condition at each point of the machine 
for each instant of time, and hence the mechanical conditions 
for efficiency are good. We also have conditions right for pro¬ 
ducing units of large capacity, which again is a very decided ad¬ 
vantage over the gas engine unit. For constant power in large 
units (except under conditions where the gas engine burns 
waste gases) the steam turbine is far preferable to the gas engine 
and because we can make it hum —that is, get the advantage, 
of high speed and constant power, it has certain inherent ad¬ 
vantages over the reciprocating steam engine. 

The disadvantage of the steam-electric unit for emergency 
purposes is the delay in getting up steam. Whether the scheme 
for steam storage outlined by Mr. Hunt is practical or not I do 
not know, but as he has proved his case on the assumption that 
it is practical, I presume he has had experience with the scheme. 
It is an easy matter to prove theoretically the gas engine highly 
efficient, but in the practice the results may be different; hence 
theoretical proofs must be backed up by practical results before 
they can be accepted as final.” 

President Stillwell : So far as this particular gas engine plant 
is concerned, Mr. Johnson’s contribution to the discussion 
furnishes a clear and perhaps an adequate explanation. Not 
infrequently what apparently is a serious engineering blunder 
results from circumstances purely local and^ transitory, which 
properly exonerate the engineer from responsibility. 

A. M. Hunt: It was not my intention in writing the paper to 
indicate in full detail and outline the design of a plant. The 
estimates have been made simply as a basis for comparison. 
As a matter of fact, each individual case would have to be con¬ 
sidered upon its own merits, and worked out accordingly. I 
should, in all probability, in designing a station of this character, 
arrange it in such a way that, the water in the boilers would be 
in circulation in connection with the heat ^ storage, and my 
reason for not doing that in the paper was this: I had no data 
on which I could calculate or even approximate the radiation 
losses from the surface exposed in the boiler, so I cut that out as 
the easiest way of avoiding the point. Mr. Stillwell as well as 
several others, have referred to the fact that the steam turbine 
station is equipped with but two large units, which is not just 
in making the comparison. This, in a measure is true, but it is 
partially offset by the fact that in a gas making station,^ the gas 
generators are assumed as only three, so if one of them is out of 
use, one-third of the plant would be unavailable. It may be 
argued that the gas generator is a machine that does not work 
all the time. From time to time the gas generator must be shut 
down and allowed to cool off, the brick work re-set, and so forth, 
so that, as a matter of fact, in such a station, it might be con¬ 
sidered that four gas generating units should^ be employed. 

Mr. Jorgensen, in his remarks, speaks as if the heat storage 
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proposition were a new element. It is not. I reca’l that back 
in the ’90s, if not earlier, this question of heat storage was dis¬ 
cussed in connection with generating stations in England by- 
Mr. Halpine. He worked it out at some considerable length, 
but what application was ever made of it, I do not know. Mr. 
Stillwell, says that it was actually employed. In that instance, 
as my recollection serves me, it was intended to equalize the 
daily fluctuation of the load on the boiler plant and avoid the 
necessity of the installation of larger boiler capacity, and possibly 
getting also higher efficiency. 

I am surprised that no one has taken exception to the fact 
of using the electric heater in the heat storage, although, I 
believe, some one did mention the fact, that he would prefer to 
maintain the temperature of the water by using steam from the 
auxiliary boiler. As a matter of fact, I admit that the electric 
heater is perhaps what might be called “ finicky ”, still it could 
be made of such elemental simplicity, that I believe its use would 
be justified, at least, in certain cases. 

Mr. Jorgensen criticized the increased steam consumption of 
the turbine under reducing pressure, as being stated by me as 
too high. I do not recall the details of my calculation on this, 
and, in fact, I will say frankly, that it was a matter of guess 
as I first put it down, but subsequently I ran across one of the 
turbine designers and requested him to calculate it for me 
and he came back and said, “You are a very good guesser, I 
worked it out as about 32 per cent,” so I let it stand. 

Mr. Dunn has made some remark -with reference to the effi¬ 
ciency of the gas making process as compared fo the efficiency 
of the use of fuel in the boilers. It is quite true, in reference to 
the present method used in making gas from oil, and the present 
method is the only one at this time commercially operative. It 
is true that a number of people are working on the problem of 
making producer gas from oil, having a lower heat value, and a 
higher efficiency, and I know of at least two such processes that 
are in tentative commercial shape. I should not be surprised 
to see either of them developed in the near future to a point 
where they can be given serious consideration, and in such 
case, the gas engine side of the controversy would be at greater 
advantage. 

Professor Cory, in his remarks, raises the query as to the 
possibility of the turbine keeping up and carr 3 dng the load at 
the reduced pressure. It is entirely possible, but would, of 
course, necessitate the turbine being especially designed fqr 
the end in -view. 

Mr. Johnson rather infers that I am not entirely fair to the 
gas engine in taking oil as the fuel for my basis of operation, 
and yet under conditions as they exist here on the Pacific Coast, 
oil is, of necessity, the economical fuel. 

Mr. Babcock left the inference that he may have something 
up his sleeve in the way of near-at-hand supply of fuel. 
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believe I know myself of certain pseudo ” coal mines in the 
near vicinity, but I should be afraid to offer any consumer the 


coal from them. 

Mr. Johnson also attempts to smooth down the criticism with 
reference to the installation of gas engines as the Martin station. 
It is to be regretted that he must be the one to stand up for the 
station, but when he states that the gas engines were adopted 
because they were installed in connection with the gas plant, 
with which they were manufacturing gas for domestic and other 
purposes, here, I think he is wrong. I do not think Mr. Johnson 
was on this coast at the time that plant was installed. ^ That 
plant was installed, if my information is correct, because it was 
a necessity at that time, under the conditions of a contract 
made for the supplying by the Pacific Gas & Electric Company, 
or its predecessors in interest, that a plant should be installed 
which would be capable of being started within a given interval 
of time, and put current on the line, as a guarantee that con¬ 
tinuity of service would be afforded. It was not installed to 
make gas for domestic or other purposes. It was installed solely 
and purely for power purposes. It is true that if it were in¬ 
stalled in connection with a gas manufacturing plant for do¬ 
mestic service, the unit of cost would perhaps be somewhat re¬ 
duced; but this was not the case in the instance I have in mind. 
You cannot build a plant and use it both for power service and 
for domestic service. If the plant is devoted to power service, 
it must be held for that, and not at any time used on domestic 
service, except in case of ultimate emergency. ^ 

Mr. Babcock takes some exception to my having made the 
comparison on the basis of gas having such high heat value. 1 
do not know how he would make a gas of lower heat value out 
of crude petroleum by any present operative process. As 1 
have stated, there are processes in line of development to-day 


that may lead to that outcome. ^ ^ ^ ^ a 

Mr. Doble’s criticism as to the size of the plant selected tor tn ^ 

purpose of comparison is entirely just. Tkere are 
in existence on the coast that I know of where a 25,000-kw. 
emergency plant would be justified, but at the same hme I 
do not think the legitimacy of the argument, or the ^sult, 
would be very much different, even though the size ot the 

plant were quite materially reduced. .o.rc 

Cary T. Hutchinson (by letter): Mr. Hunt justly says of 
water-power plants, absolute continuity of service is a thing 
which cannot be secured.” This might also be said with equa^ 
truth with regard to steam plants or any other kind 
His opinion evidently is that a stand-by steam plant is necessary 

in order to secure satisfactory continuity of ^ r 

this plant is required principally to 

machinery, including transmission lines, and not primarily 

make up the deficiency in the water supply. Qppurp 

Mr. Hunt proposes a plan which does not by any means secure 
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absolute ” continuity of service; in fact, it does not provide 
for as great continuity of service as can be provided by a steam 
plant. He seeks to lessen the cost of the stand-by service and 
to this end proposes hot water storage under pressure, arrange- 

S “'J “rtain otluT devices 

tinf +1 this, but all on the other hand diminishing some¬ 
what the degree of insurance secured. A steam plant for the 

Krs^^umto pressure in all the 

boilers, up to the throttle, auxiliaries in operation and fields of 

generator excited—indeed, one might even say that the gen- 

sholdd® u ® turning over. The plant tlso 

should be practically fully manned, and should have the same 

capacity as the load for which it is a reserve. If this degree of 
“e'Town th^r?l; is required, I think it can easily 

Md r 

c, i"-''^®®tment cost of such a hydroelectric plant including 

including distribution lines, will certainly 

probably greatei^ 

S b?Tt IcfirS"" ‘"'Jf of plant capacity 

w 11 be at least 1.^2 and probably more, including interest de¬ 
preciation, maintenance and operating expenses. A reserve 

equal capacity, of large units, (and this is the 
only kind of plant that I am considering) can be installed con, 

cfc s acini “T f Th^oSuldT; 

^nce ^ charges, mainten- 

cnce, labor and such fuel as is necessary to keep it in instant 

readiness for operation, based on a numbL of detiiled itimates 

made by persons familiar with the conditions of the Pacific Coast 

will be approximately as follows, per kilowatt of capacity- ' 

2: ^ .110.00 

3. Fuel and Supplies.. .. o ka 

" ... . ou 

......$ 15.00 

?eSai^uSl2d ifTh?"^ “^^1 f 

cmain uncnanged. it the same plant is used for servioe in<;;tAAd 
of used as a stand-by plant. With oil as fuel! t^e cS of een 

reWdtrwmnof stand-by charges already 

^ V ^ exceed 4.5 mils per kilowatt-hour. For an 

on^a load fSor‘^of^48S°n ^team plant can be operated 

?£Ving S%hr® furthermore^be 

a_ saving in the investment cost of $200 per kilowatt- that ic 

the same gross and net earnings can be obtained for' t75 ncr 

“worts, fie ?n 

SO .pS ?enC earnings is reduced to less than 

I -^ink it is safe to say that no competent engineer could 
possibly advise the construction of a steam plant as a stand-by 
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station under these conditions, which apply pretty closely to the 

Pacific Coast. _ _ . • h. 

If such a high degree of insurance against interruptions is not 

required, the next question that arises is the best way to obtain 
what might be called “ satisfactory ” insurance of commercial 
operation. This could be accomplished in several ways, one 
being to install a steam plant of lesser capacity than the total, 
say, 50 per cent; but in this case, of course, there would remain 
considerable interruptions to service. It is doubtful whether 
the additional cost involved in a steana plant of 50 per cent 
capacity for stand-by service only, is justified, and it would 
seem that the better way is to build _ a hydroelectric plant 
without steam reserve of any kind, but in the_ most permanent 
way possible, eliminating flumes as far as possible, constructing 
tunnels wherever feasible, and using reserve generating _ sets 
and duplicate transmission lines, preferably on entirely inde¬ 
pendent rights of way. The records of the Stanislaus trans¬ 
mission would seem to indicate that when properly con^ructed 
and maintained such a transmission line on the Pacific Coast is 
very nearly free from interruptions. If two such lines were 
built on independent rights of way, the service in as far as this 
part of the plant is concerned, would certainly be satisfactory. 

It is fairly certain, however, that no water-way composed 
largely of flume can be built that will not give continuous trouble; 
tunnelling should be resorted to wherever, possible, ihis is 
dictated not only by reliability of service but also by economica 
considerations, in many cases, inasmuch as_ the total annual 
charges against the flume line, including maintenance and de¬ 
preciation will frequently exceed those of a tunnel to take its 
place, as the following example, which is fairly typical, indicates. 

A flume line having a capacity of 200 second-feet, prob^ y 
would cost under average conditions $30,000 per naile. The 
annual cost of this line for interest, depreciation and maintenan 
would be not less than $6000 and might be as high as $7 500 
per mile. A tunnel of this capacity, concrete lined, could be 
built for approximately $100,000 per mile; its maintenance 
and interest would be, say, $6000. The tunnel is, therefwe, 
as cheap, mile for mile, as the flume, but in many 
of tunnel will replace several miles of flume, and the advantag 

of the tunnel is much greater. . . , . . ,, • ‘ 

It would seem to me that the best engineering solution ot this 

problem is then to build the hydroelectnc plant in the most 
Lbstantial manner possible, to construct 
maximum possible capacity, in order that the water power may 
be utilized at a load factor of 100 per cent or as . 

is feasible to bring it, and then to 

the water power plant by a steam plant at f J 

capacity and also as a peak load plant ®^, 
conditions. It seems folly to build a steam plant for stand by 
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service pure and simple when by comparatively small addition 
to the annual cost this plant can be used to bring in a large 
amount of additional business. 

The following comparison between the cost of a system of 
reservoirs to utilize the drainage area to the fullest extent and 
of a steam plant to make up the deficiencies in the water supply 
is fairly representative of the Pacific Coast conditions: 


Precipitation.60 in. 

Runoff, 55 per cent = 2.44 sec. ft. =.33 “ 

Assume development for 2.2 sec. ft. =.30 “ 

Runoff for six low water months, 0.45 sec. ft. 3 

Runoff for six flood months.30 “ 

Use for power during six flood months.15 

Storage during six flood months.15 “ 

Needed for power during six low water months.12 " 


Storage 15 in. equal 35,000,000 cu. ft. per sq. mi. 

Drainage area.250 sq. mi. 

Total reservoir capacity.8,750 million cu. ft. 

Cost of reservoirs, at $200 per million'.$1,750,000 

Total annual charges, at 6 per cent. $105,000 

Head. 1,200 ft. 

Average flow, 250 X 2.2 sec. ft. =. 550 sec. ft. 

Average delivered power at sub-station. . . . 33,000 kw. 

Load factor. 50 per cent 

Capacity of sub-station. 66,000 kw. 

Low month discharge, 250 X 0.45. 112 sec. ft. 

Low month, discharge, of average. 20 per cent 

Steam plant capacity (say 75 per cent) .. 50,000 kw. 

Cost of steam plant.$3,750,000 

Annual cost of stand-by service. $750,000 


That is to say, if it were possible to construct reservoirs of suffi¬ 
cient capacity, the entire runoff from this drainage area could be 
utilized at an investment cost of vIJ1,750,000, and an annual 
cost of $105,000, as against an investment of $3,750,000 for the 
equivalent steam plant, and an annual cost of $750,000, a saving 
of $2,000,000 in investment and of $645,000 in annual charges. 

P. H. Thomas. In his heat storage steam relay arrangement 
Mr. Hunt has given an ingenious and in one sense a feasible 
plan for maintaining an uninterrupted supply of power on a 
distribution system. This general subject of relays in power 
systems is receiving a good deal of attention at the present 
time and, as seems to be usual under similar circumstances, 
engineers are inclined to take an extreme view, some one way 
and some the other. It is the opinion of the writer, however, 
that the wisdom of the installation of a steam relay plant is 
not one to be settled off hand without a careful study of the 
conditions of any particular case. There are cases of course 
where such relay is imperative but there are also many cases 
where it would not be warranted. 

The absolute necessity of a local relay arises with some sorts 
of load, as mine pumps, hoists and some work in connection with 
furnaces of various sorts, but these are exceptional forms of 
load, and furthermore are usually service for which a relatively 
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high price for power is obtained. With other systems however, 

the dominating consideration is different, namely, is that of 

economy, on account of competing power. In these cases, 

usually, an occasional interruption, while perhaps excessively 

annoying, is not a source of very great 

the company or to the consumer. Of course 

tions have a serious harmful effect on the sales of power. At 

the present time the standard of our best transmission plants 

aftef the initial starting and trying Is 

must not be forgotten also, that no form of alternative power is 
Sitire y free from interruption so that relative excellence is all 
that is required. It is obvious that the extra investment re- 
auired by the relay may be very considerable. 

%t will frequently be found that the real necessity for a steam 
relav exists only for some few customers so that a relatively 
Imh relay will suffice. Such a condition is not so serious. 

A era in the same reliability may be sometimes attained by some 
alternative method. The high class engineer’s most necessary 
niifllitv his sense of proportion, should here come into requisition. 

I do m-t^ here wish^to be understood as decrying steam relays 
Load^but mirely.to call attention to some to their disad- 

"^^What^c^'^acS.ally be expected of a steam relayy the matter 

SraT is iithin a few hundred feet of the consumer who is 
to be protected. If the relay generator is not 

Si iai sipping enougl to get 

and the boilers steaming at their proper rate.- If the geperar 
f« floating on the line there will still occur the equivalent of a 
partial shut down for the boilers which have been banked can^t 
ErSle'SaSly forced to give full steam -P-ity 
t;iiph storage devise as is proposed by Mr. rLunt. 

aSS syleSS theS ^ be oiy one consumer who get 

Se Ml pmSion of such a relay ''1 

Ihrough some portion of the high tens.on hue and trouble on 

*'’?.^-"lw’SLrthSt OTlyimi few cases will it be possible, 

K=iir\“KKtE -“"on-reirt Si 

cured only by the best of upkeep and concentration or eno t 
this one result. 
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When, however the elimination of interruptions of the service 
of some considerable duration is considered, the case assumes a 
very different aspect, A steam turbine and banked or even cold 
boilers can be gotten into service and onto the line in less than 
perhaps an hour, and sometimes much sooner, if Dlanned nnd 
operated for this purpose. That is as protection against in¬ 
terruptions caused by serious accidents that more or less perma¬ 
nently disable some part of the supply system and that conse¬ 
quently require time for repair, the banked boiler steam relay 
will serve admirably, except of course for cases where the iniurv 
interrupts the communication between the relay and the con- 
sumer For momentary interruptions on the other hand such 
as nash-overs on line insulators where no permanent iniurv is 
done, the service can be re-established on the original cir¬ 
cuits more quickly than a new set of operators can uet it started 
on a new set of circuits.. ^ 


On the. side of the advantages of the steam relay there is much 
to be said. A system provided with a steam relay is u.suallv 
much more flexible in operation as well as having the direct ad¬ 
vantage of possibility of using the relay power on regular load. In 
fact the most satisfactory basis for the installation of a .steam 

[StT ?i°fof increased 

total power. The well known curve of flow of many .streams 

showing a sharp minimum for a relatively short period of the 
year, far below the average, limits the maximum sale of power 
while with a steam plant supplementing the low water, a much 
arger sale is possible, supplied nearly all the year around by the 
hydraulic apparatus. In this well known case the great limita¬ 
tion of the steam relay, its extra cost, is partially obviated, for 

capacity in the hydraulic ap¬ 
paratus, which takes the steam load most of the year will not 
usually add anywhere nearly proportionally to the capital cost. 
This IS the natural use of the steam relay. But in such a case 
it has in one sense ceased to be strictly a relay, but is rather a 
supplementary source of power. It will have the strict relav 
however, at times of plentiful hydraulic power. 

iT on its particular circumstances. 

It IS clear that foi reasons of capital costs a steam relay, at least 
where no supplementary power is produced, should be installed 
only where very strong reasons exist therefore. Suonose for 
example, that the relay plant installation costs per kw. one'half 

^0 development. This means that 

oO per cent will be added to the fixed charges of the hydraulic 

system, v^ich constitute the chief expense charges of such a 
system. But more, the expense of banked fires, trying out the 

ns the maintenance of at 
least the skeleton of a steam organization, will add very greatly 

to The small operating expenses of the hydraulic plant. When 

Httie + that the added reliability of service will add 

little or nothing to the price to be obtained for power, the hand:- 
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cap in the dividend paying possibilities of the plant due to the 
steam relay are evident. It should be remembered, that ex¬ 
ception is to be made in the case of steam relays which supple¬ 
ment a minimum hydraulic power and hence justify their added 
capital charge by increased sale of power and in the case of 
mining plants and other plants where a very difficult trans¬ 
mission exists and exceptionally high prices can be obtained 
for power and practically absolutely uninterrupted services is 
essential. 

This discussion so far is not intended to minimize the im¬ 
portance of reliable service, but is preparatory to raising the 
question whether some other better way cannot be found to 
serve the same purpose. 

In the first place in important work it is necessary to use only 
structures and apparatus that are substantial and reliable. 
No amount of relay will compensate for inferior construction. 
In the second place alternative lines and apparatus all through 
a system must be provided, for the pmposes of inspection and 
repairs if for nothing else. Any unit must be spared when 
necessary. To reduce this additional cost of the spare capacity 
thus required, the units should be several in number so that the 
duplication of one unit will not be a large percentage of the total. 
This applies both to transmission lines and generating stations. 
Thus the real essential is to have several generating stations of 
the most available sort rather than one hydraulic and a steam 

station 

With at least two hydraulic generating stations and duplicate 
transmission lines following different routes rnost of the essential 
relay advantages of the steam relay are obtained and the dupli¬ 
cate or spare apparatus forms a part of the regularly effective 
elements of the system. As long as it is not practicable at nmst 
points of the system to absolutely eliminate momentary shut 
downs, even with a steam relay, it is the opinion of the author 
that in general, with the exceptions already noted, the first 
effort should be directed toward securing the necessary reliability 
through good construction and a number of hydraulic stations 
and duplicate lines following separate routes, if possible, ^rather 
than to suffer the duplication of capital in a steam station, to 

be used purely as an emergency relay. 

Additional exceptions may be made where a single consumer 
is given a special relay of relatively small power or where per¬ 
sonalities of some sort enter or a steam station is already in 
existence and can be obtained at small cost. 

Mention should be made of the extreme importance of strict 
discipline and careful organization and planning in advance 
the procedure to be followed in case of trouble, as well as in¬ 
telligent superintendence, in actually realizing reliable service. 

It should also be remembered that exceptional freshets, land 
slides, earthquakes, tc., are rather acts of God ” than prevent¬ 
able accidents and are beyond the responsibility of the generating 
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plant and it is not perhaps necessary or wise to permanently 
raise the power rates on account of the reserve apparatus 
capital charges necessary to forstal such catastrophies, especially 
as they may occur in many and unforseen ways and to guard 
against all will be prohibitive or impossible. When the maximum 
load comes but a few hours in the year as frequently happens 
it is clear that at other times there is plenty of relay apparatus, 
thus substantially providing against accidents. 

In the study of reliability of service, it will be well to put more 
thought and emphasis on the automatic relay apparatus for 
separating good from bad circuits and limiting the short circuit 
damage, for by these great benefit can be done the service at 
little expense. 

To summarize, the purpose of the above discussion is to bring 
out the point that the real function of a steam relay is to supple¬ 
ment the supply of power so that more kw. can be sold; and that 
emergency alternative service will best come from the use of 
several power houses of the most available sort and transmission 
lines following different routes and by providing spare units for 
each essential element. 
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THE DEVELOPED HIGH TENSION NET-WORK OF A 

GENERAL POWER SYSTEM 


BY PAUL M. DOWNING 

The greatest incentive to the development and construction 
of hydroelectric transmission systems has been high fuel costs. 
This is particularly true in California, where, until the discovery 
of oil a few years ago, practically every industry using steam as 
a motive power had to depend on coal imported from Australia 
or British Columbia. 

Owing, however, to the natural advantages due to the topog¬ 
raphy of the country, the possibilities of utilizing the waters 
for hydroelectric development were early recognized, and prob¬ 
ably more has been done along pioneer lines in this state than 
anywhere else. 

In the preparation of a paper on this subject, therefore, I have 
confined myself entirely to conditions as they have developed 
and as they exist in California at the present time, and to the 
experiences in connection with the different transmission sys¬ 
tems, which together form probably the greatest mileage of 
high-tension net-work to be found anywhere in the world. 

On account of the rapidly growing demand for power, it was 
not possible to wait for results, which, under ordinary con¬ 
ditions could have been obtained from actual operation, but, 
under the circumstances, things have been done which very con¬ 
clusively confirm a statement made by Mr. Charles F. Scott in 
his paper on Electrical Power Transmission, read before the 
International Electric Congress held in St. Louis in 1904, wherein 
he states that problems of transmission are not problems that 
can be solved in the laboratory alone, but the apparatus must 
meet the precise conditions of operation and be judged by ex¬ 
perience. 
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The first polyphase high-voltage transmission system in the 
world was the one from Mill Creek to Redlands, a distance of 
16 miles. The original installation consisted of three 250-kw. 
three-phase generators delivering 2400 volts at their terminals, 
and seven 100-kw. transformers stepping up from 2400 volts 
to 11,000 volts at which potential power was transmitted to 
Redlands. The unqualified success of this undertaking almost 
from its very inception, gave a great impetus to the industry, 
and within a very few years other installations were made, each 
with its particular type of apparatus and character of construc¬ 
tion. 

The Colgate power house of the Pacific Gas & Electric Co. 
was really the nucleus of the present 60,000-volt net-work, in 
that it was the first to install apparatus to operate at that voltage, 
and it was, at the time, the largest and most important hydro¬ 
electric station in this part of the state. The history of this 
plant is unique, in that the generators were installed, in operation, 
and overloaded, before the construction work on the building 
was completed. 

The system of the Pacific Gas & Electric Co. as it stands today 
represents the consolidation of a number of smaller companies, 
each with a system peculiar to itself, and none of them designed 
with a view of ever tying in with any other system. As a result, 
almost every type of apparatus from the comparatively small, 
low voltage, rotating-armature generators, to the larger, more 
modern, rotating-field, high-speed machines, is represented. 

This Company controls and operates eleven different hydro¬ 
electric generating stations, having an aggregate capacity of 
68,130 kw., distributed as follows: 


Power ! 

house 

' Capacity in 
kilowatts 

Generator 

voltage 

De Sabla. 

13,000 

2300 

Centerville. 

6,400 

2300 

Colgate. 

14,200 

2300 

Yuba. 

660 

2300 

Alta. 

2.000 

500 

Auburn.. 

500 

500 

Newcastle. 

800 

500 

Folsom. 

3,750 

800 

Electra. 

20,000 

2300 

. Deer Creek. 

5,500 

2300 

Nevada. 

1,320 

5500 
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Ten of these have a common frequency of 60 cycles and run 
in parallel on a 60,000-volt net-work which is also supplied with 
additional power from four independent companies. 

The Great Western Power Co. delivers 60,000 volts by stepping 
down from its main line voltage of 100,000; the Sierra and San 
Francisco Power Co.,'the Northern California Power Co., and the 
Snow Mountain Power Co., deliver current at 60,000 volts direct. 

At times, the load carried by these four companies amounts 
to an aggregate of 41,500 kw. In addition to the foregoing, 
we have the following reserve steam and gas engine plants 
which operate in parallel with the transmission lines when 
occasion requires; viz,, Oakland steam turbine station, San 
Jose steam station, and Martin gas engine station. 

The total reserve capacity at these three stations amounts to 
21,500 kw. In Martin station are located two 4,000-kw. fre¬ 
quency changers (from 60 to 25 cycles) which are operated from 
the transmission line. The 25-cycle side is run in parallel with 
the 25-cycle gas engine-driven units, and also with the 25-cycle 
steam-driven station of the United Railroads. 

The entire mileage of lines represented by the different sys¬ 
tems which are tied together, exclusive of those of 11,000 volts 
and under, amounts to 1,920 miles. 

The voltages of the different lines making up the net work 
are as follows: 

150 miles of 100,000-volt line. 

1,390 miles of 60,000-volt line. 

380 miles of 20,000--volt line. 

It will be noted that lines of 11,000 volts and under are not 
included in the above for the reason that these lower voltage 
lines are considered as distributing lines and not as transmission 
lines. 

The paralleling of stations in this manner, regardless of the 
length of line between them, or the loads carried, has not de¬ 
veloped any difficulties, but on the contrary, it has been found 
that it could be done much more readily than where the gen¬ 
erators are paralleled in the same station; nor is it customary to 
do this paralleling at generating stations alone, or on the low 
voltage side of sub-stations. As a matter of fact, it is done al¬ 
most entirely on the 60,000-volt side, using transformers of 
relatively small capacity connected from line to ground for 
synchronizing purposes. 
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The governing and the division of load between the different 
stations furnishing power to a system of this kind is not as great 
a problem as it would at first appear. Each station, excepting 
one, takes its alloted portion of load and makes no attempt 
whatever to govern, unless the frequency varies beyond certain 
predetermined limits, the speed control being left entirely to a 
single station. All important power houses are equipped with 
governors, which, except in the case of the governing station, 
are set so that they will be sluggish in their action, and will not 
operate except on wide variations of speed. Those in the govern¬ 
ing station should obviously be adjusted to regulate as closely 
as possible. The governing is not limited to any one particular 
station, but it can be done at any station having sufficient 
capacity to handle the fluctuations of load. 

In order to operate, as we do, with a large number of stations 
running together, we found it necessary to have a chief operator, 
or what we have seen fit to call a ‘‘ load dispatcher,” who, so 
far as the details of operation are concerned, is in absolute 
charge of the entire system. Water cannot be taken out of a 
ditch or flume, a power house superintendent or foreman cannot 
shut down a generator or change the load carried on the station, 
and a line crew cannot work on a line, without first having the 
approval of the load dispatcher’s office. He is at all times in 
direct telephone communication with every part of the system, 
and in the event of trouble which might interrupt service, has 
absolute control of all matters in connection with the re-estab¬ 
lishing of service. In his office there is a board showing dia- 
gramatically every generating station, transmission line and 
sub-station on the system,together with dummy switches repre¬ 
senting every air and oil switch, and the exact position of these 
switches, that is, whether open or closed. In addition to the 
record as shown by the board, a very complete log is kept of 
every detail in connection with troubles of any kind, loads car¬ 
ried by the different stations, and any other matters pertaining 
to operation. 

Telephone circuits are run on all transmission lines, but these 
are not depended upon for anything more than local use, such 
as for linemen reporting on and ofE the line, etc. They do not 
give satisfactory service when used over long distances, and they 
become inoperative when there is trouble on the line and when 
they are most needed. 

For communicating between important stations we have cir- 
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cults leased from the telephone company, which run on its 
regular toll line leads, and being over entirely different routes 
are not affected to any extent by transmission troubles. 

Method of Operation 

As stated above, the different stations are, for the greater 
part of the time, operated in parallel. There are two distinct 
advantages in operating in this manner: 

1. The regulation of voltage is much more readily accomplished. 

2. The capacities of the different stations can be utilized to 
their fullest extent. 

On the other hand, there is a distinct disadvantage, as trouble 

on any part of the system will, to a certain extent, affect the 
entire system. 

The inductive drop on the long lines forming a net-work of 
this kind is obviously high, especially where the induction motor 
load is heavy, and the power factor correspondingly low. The 
synchronous motor load represents a very small percentage of 
the entire load, and there is little opportunity to over-excite the 
fields and use them as boosters. The wattless current, there¬ 
fore, becomes quite a problem, and has to be taken care of 
either by distributing it among the different power houses, or 
by taking it entirely on a single station, which can be handled 
very readily by proper adjustment of generator fields. 

From an operating standpoint, and in order to better guarantee 
continuity of service to the more important districts, a reserve 
steam plant is very essential, and in this respect the modern 
steam turbine serves the purpose admirably. By reason of the 
fact that it operates equally well at all loads it can be connected 
in parallel with the transmission line, and under normal con¬ 
ditions will carry a good portion of the wattless current. At the 
same time it acts as a stand-by, and in case of line trouble it 
can pick up the load on very short notice. 

Troubles on the long lines forming net-works such as this 
do not always seriously affect the entire system, but show only 
as momentary drops in voltage. The station generators are 
connected directly to the line, without circuit-breaking devices 
of any kind, and power is never cut off the lines unless it is im¬ 
possible to keep it on. Immediately on the slightest indication 
of line trouble, the system is separated, leaving different sections 
or districts supplied from different sources. If the trouble is 
far enough removed from the generating station it will not be 
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very severe on account of the inductive and ohmic drop of the 
intervening lines, and generally the operators will have time to 
separate the sections without more than a temporary drop in 
voltage. If, however, the trouble is near a power house, that 
particular station will be thrown out of synchronism with the 
system, and even the machines in that station may be thrown 
out of synchronism with each other. 

Connection 

The greater number of the lines feeding into the system are 
supplied from transformers delta connected on the low-tension 
side and star connected on the high-tension side, with the neutral 
grounded. 

This arrangement has proved very satisfactory, and while 
it might be said that there is a disadvantage in using such a 
connection on account of the grounding of one wire throwing 
a short-circuit on the system, yet there is a question as to 
whether or not this is a real disadvantage. 

If all lines could be run through sparsely settled districts, 
or where there would be little liability of damage to persons 
or property were a wire to come down, there would, doubtless, 
be some advantage in operating with a delta connection, but 
where lines are run along public highways and through more or 
less thickly settled districts, it seems almost necessary that 
there should be some very positive indication to show when a 
wire goes down. 

Some objection has at different times been raised by the 
telegraph and telephone companies to a grounded neutral sys¬ 
tem, on account of the inductive influences due to current through 
the ground, at times when the load is unbalanced. Experience, 
however, has shown that this is not the real cause of the trouble, 
but that^ the troubles these companies have are the result of 
what might be called static unbalance, or high-frequency dis¬ 
turbances due to arcing grounds, or other causes which occur 
to a greater extent in an ungrounded system than in one where 
the neutral is grounded, and therefore at zero potential. This 
statement is borne out by experiments that have been made 
on telephone circuits paralleling or carried upon the same poles 
as the transmission wires, where loads aggregating as high as 
3,000 kw. have been transferred from three to two transformers 
of a bank, or vice versa, with practically no effect on the tele¬ 
phone service other than slight change in the tone of the linev 



1910] 


DOWNING: HIGH TENSION NET-WORK 


711 


Our usual practice is, where one of three transformers in a 
bank at the generating end is out of service, to carry load up to 
the capacity of the other two, or should occasion demand, to 
over-load the two, making them carry the normal load of the 
three. It is not necessary to limit the unbalancing of power 
delivered to the line in this manner, and we would have no more 
hesitation in cutting out one of a bank of three 1500^kw. trans¬ 
formers than in cutting out one from a bank of three 100-kw. 
transformers. This same condition obtains in the case of step- 
down transformers. When the load to be supplied is small, 
and where the expense of installing three, or even two trans¬ 
formers to give a three-phase distribution would not be justified 
it is customary to install a single transformer, connecting it 
from the line wire to ground. Installations of this kind ordi¬ 
narily give no trouble whatever, but work as satisfactorily as 
though a bank of three were installed. Careful attention must 
always be given to the ground connection. These are made by 
connecting to the water mains, and also to ground plates buried 
to a depth depending on the character of the soil. 

Occasionally it has been found where only a single transformer 
is used, that a severe static stress occurs on the low-tension side, 
which is severe enough to puncture the insulation of the lower 
voltage transformers supplied from the main transformer. These 
instances, however, have been comparatively few, and while it 
is something which might be expected from a connection of this 
kind, it very seldom occurs, and it has never been serious enough 
to make it necessary to abandon the practice. 

The connection on the low-tension side of the step-down trans¬ 
formers is either delta or Y, depending entirely on the particular 
voltage condition to be met. Where the Y connection is used, 
the neutral is grounded in the same manner as on the high- 
tension side, and to the same ground wire. 

So far as the actual operation of the system is ’ concerned, 
there is no preference as to the connection on the low side, but 
for economic reasons the greater number of low-tension dis¬ 
tributing systems are supplied from the Y-connected trans¬ 
former. We have never yet had any troubles which we could 
trace back and find to be the result of the manner in which 
transformers were connected. 

Transformers 

The capacities of transformers used, range from 100 to 1500 kw. 
Most of them, except some of the smaller sizes, are shell type, 
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oil-insulated, and water-cooled. The most satisfactory case for 
oil-cooled transformers is one of boiler iron mounted on a cast 
iron base and having a cast iron top. 

A great deal of discussion has been heard concerning the 
merits of the different insulating materials used in transformers 
for high voltage work, the kind of oil to be used, and the methods 
of cooling the oil. During the past few years the tendency of 
the transformer manufacturers has been toward the use of 
a press board or horn fibre for the insulating barriers between the 
coils, this material being used to replace the micanite used in the 
earlier transformers. This gives a transformer of lower first cost 
but one correspondingly less staunch and reliable. 

The micanite insulation has two distinct advantages; first, 
it will not absorb moisture as readily as the pressboard or horn 
fibre; and second, being non-inflammable, it will localize trouble, 
and a burn-out in one coil, unless it be exceptionally bad, will 
not damage adjacent coils. Until a few years ago all of the 
transformers on the system had micanite insulation. They would 
be received from the factory, and without attempting to dry 
them out, they would be filled with oil and put into service. The 
oil was generally shipped in iron drums containing from 50 to 
100 gallons, and when received, it would be put into the trans¬ 
former without treatment of any kind, and even without being- 
tested to see that it had the proper dielectric strength. The 
pressboard has superseded the micanite, and the methods of 
handling transformers have entirely changed. We now find it 
necessary to dry them out thoroughly even after they have been 
standing without oil for not more than ten days or two weeks. 
The oil also is being handled much more carefully than formerly, 
and separate samples taken from the different tanks in which it 
is shipped, must be tested. If the dielectric strength is found 
to fall below a certain standard, it is safe to assume that the low 
insulating qualities are due to moisture, which can be readily 
removed by heating to a temperature slightly above 212 degrees 
fahr. 

The pressboard or horn fibre will not only absorb moisture 
from the atmosphere, but it will, when in direct contact with 
water, absorb sufficient of it to allow the layers of fibre making 
up the sheet, to separate, thus rendering it worthless. This 
objection to its use might on first thought seem hardly worth 
considering, but in practice it is an important one. In handling 
transformers out of doors during stormy weather, or in the 
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event of a damaged water coil allowing water to get into the 
winding, the pressboard would be damaged to such an extent 
that the transformer would have to be torn down and the 
barriers replaced. 

As to the relative fire risks of air- and oil-cooled transformers, 
I think that it is now generally conceded that the oil type with 
a properly designed case is the safer of the two. 

The greatest danger from an oil-insulated transformer is 
from fire external to the transformer itself, which might damage 
the case and allow the oil to escape. 

In a number of instances there have occurred fires which have 
heated the boiler iron cases to such an extent that the oil has been 
badly carbonized and the paint on the inside of the case burned 
entirely off without damage being done to the winding. After 
removing the damaged oil and cleaning the winding, the trans¬ 
formers have been refilled with new oil and immediately put 
back into service without trouble. In one particular instance 
which I have in mind, a fire occurred in a wooden switch gallery 
almost directly over a bank of 700-kw., transformers which at 
the time were not in service. Before water could be turned on 
the fire the transformers had become very hot, and when water 
was finally turned on, the cast iron tops had become so hot that 
the water coming in contact with them, damaged them beyond 
repair. The windings of the transformers were uninjured, and 
after being dried out were put back into service and are operating 
to-day. 

From the view point of the man who has to operate the trans¬ 
former, particularly in connection with long high-voltage lines, 
I am inclined to question the advisability of attempting to sacrifice 
the reliability of the transformer in order to cut down the first 
cost. In the absence of any approved device or apparatus that 
can be relied upon to take care of high-voltage line disturbances, 
the transformer must bear this burden to a very great extent, 
and the breaking down of a transformer with the resulting 
interruption to service, will, in a very short time more than offset 
any saving in first cost. For this same reason the three-phase 
transformer is at a disadvantage, as trouble on one phase would 
entirely interrupt service, unless a spare were installed. 

For cooling the oil we employ the usual method of circulating 
water through copper coils immersed in oil. Different metals 
have been used in these coils, but on account of there being less 
liability of copper being acted upon by acids in the cooling water, 
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and also because of the fact that it will not corrode, it has been 
found most satisfactory. In localities where there is any great 
amount of mineral in the water, a cooling coil will in time become 
filled to such an extent that it will not carry a sufficient amount 
of water to cool the transformer. This deposit closely resembles 
boiler scale, and in some instances it can be removed by taking 
the coil out of the case and hammering it on the outside to loosen 
the scale, after which it can be blown out by either steam or 
compressed air. In cases where it cannot be removed in this 
way, we have used dilute muriatic acid as a last resort, but as 
this acts upon the metal of the coil, as well as upon the scale, 
it cannot be considered entirely satisfactory. 

Periodic pressure tests are made on all cooling coils without 
removing them from the transformers, and very often without 
taking voltage off the transformer. This we do by disconnecting 
both ends of the coil and allowing the water in the lower turns 
to either drain off; or, if both ends of the coil come up over the 
case, a small rubber hose is inserted on the riser gide of the coil 
and the water syphoned out. To know that the coil is thoroughly 
dry, and that in the event of its breaking down under pressure, 
no water will get into the transformer winding, alight blast of 
air is passed through the coil, which, with the heat from the 
oil on the outside of the coil,will in a very short time remove any 
moisture which might remain. One end of the coil is then 
plugged and air pressure applied by means of an ordinary auto¬ 
mobile tire pump. A small pressure gauge connected to the coil 
shows the pressure on the coil, and also whether or not there 
are any leaks which would allow the pressure to drop. Generally 
where there is no back pressure on the coils, 15 to 25 pounds will 
be as high a test as is necessary. 

Switches 

Outside of the lightning arrester or line discharger for taking 
care of high voltages, high-tension switches were probably slower 
to develop than any other piece of apparatus used in connection 
with long transmission lines. It is only during the past few 
years that there have been any high-tension switches on the 
market, but there are now a number of different designs, all of 
which have proved generally satisfactory. 

The system of the Pacific Gas & Electric Co., was one of the 
first to use oil switches for voltages in excess of 40,000. As 
early as 1900 we built and put into operation, switches which 
were of practically the same type that we are now using. While 
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the switch was in the experimental stages, the frame work 
supporting the tanks were of wood, and the tanks themselves 
were the ordinary fibre or paper mache tubs such as are used 
for laundry purposes. Switches of this kind served their purpose 
well, and are even now in use after years of service, but where 
they are called upon to break heavy loads, such as come on at 
times of short circuit, they are apt to throw the oil out of the 
container when operated. 

To overcome this trouble, we designed a four-break switch, 
along practically the same lines, but with a considerably greater 
depth of oil over the contacts. Four-break switches similar to 
the one shown in Figs. 1 and 2, have been in service in some of 
our largest power houses for several years, and they have never 
failed to open the line under all conditions of short circuit. 

The particular features which recommend this switch are: 

1. The absence of any insulating material that might become 
saturated with oil and catch fire either from leakage or from an 
arc. 

2. The insulation of the switch from the ground, thereby af¬ 
fording the greatest protection against break-downs due to 
surges or other high-voltage disturbances when the switch is 
open. 

3. A constant depth of oil over the contacts at all positions of 
the blades. 

4. The comparatively small amount of space taken up by the 
switch. 

We have never attempted to operate any of these high-tension 
switches either automatically or by any electric or pneumatic 
means, preferring rather to keep to the more positive hand- 
lever control. This control has generally proven quite satis¬ 
factory, but we have just installed some reverse current relays 
to be used in connection with the automatic operation of switches 
on lines which are tied together at both ends. We have yet to 
learn to just what extent these can be successfully employed, 
on account of the inherent weakness of alternating-current 
reverse-current relays, whose operation is dependent on both 
current and voltage, and the fact that in cases of severe trouble 
the voltage may drop so low that the relay will be inoperative. 

Lightning Arresters 

Except in the higher mountain districts the Pacific coast is 
comparatively free from lightning, and we make no attempt 
whatever to protect against lightning disturbances. 
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On most of the early installations, lightning arrester apparatus, 
such as was on the market at the time, was installed at dif¬ 
ferent points along the line. Practically every type of multi¬ 
gap arrester was tried, all of which proved to be a menace rather 



than a protection on account of their arcing over whenever there 
was a heavy line disturbance. The result has been that long 
since they have been abandoned, and we now use only the horn- 
gap type arresters with tlie air-gap set so that thiy will arc 
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across on voltages approximately 25 per cent above normal. 
The particular design of arrester used, consists of two gaps in 
series with the ground side, connected directly to earth without 
resistance. 

These are used more on account of their being voltage limiting 
devices than on account of their being a protection against high 
voltages. Discharges over these arresters always cause a drop 
in voltage, and very often a momentary interruption to service 
until the arc breaks. We do not install them at eyery station, 
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Fig. 2—Plan of high-tension!-switch 


but only at the power houses and more important stations 
where heavy switching is done. The electrolytic arrester now 
on the market has been installed, on some of the.lines in this state 
but as they have been in service, pnly a short time, , little can as 
y^t be said concerning their,.efficiency or effectiveness. . 

Insulators 

1 , t« 

‘ J ^ ' is 

, Tbe . qifestioij. .of lin,e for , the high voltages now 

.being used.on transmissiciij ,lines, is the most serious problem 
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engineers have to face, and while it is true that both the design 
and ‘quality of the insulators manufactured to-day are far 
superior to those of a few years ago, it is also true that the 
limiting voltage of a transmission system is governed by the 
insulators. 

The climatic conditions of the greater part of the Pacific 
coast are peculiar in that there are two seasons, one wet and one 
dry; and it may seem strange to say that the insulator trouble 
during the dry season, or just when the first rains start in, is 
as much as or more than there is during the winter storms. 
The trouble is due to leakage over the surface of the insulator 
on account of the dirt and-the salt which is deposited by the ocean 
fogs. As soon as the heavy rains come, this accumulation of 
dirt, etc., is washed off, and the number of insulator troubles is 
materially reduced. The number of insulators that actually 
puncture are very few, the greatest trouble being due to leakage. 
As a striking illustration of troubles of this kind, I might state 
that insulators operating successfully at 60,000 volts in the 
mountain districts outside of the fog belt, and where there is 
little or no dust, give a great deal of trouble on 11,000-volt lines 
in the bay district where they are exposed to more severe con¬ 
ditions of dust, fog, and smoke. 

Troubles of this kind generally affect insulators on grounded 
and ungrounded structures differently. If they are supported 
on poles where the leakage path to ground is a high resistance 
one, the top of the pole will be burned off, and generally the 
insulator is not damaged. But where metallic structures or 
grounded pins are used, thus giving a low-resistance leakage path 
to ground, the insulator is more often damaged by the arc, which 
very often is great enough to burn off the line wire. 

Troubles of this kind naturally bring up the question of what 
design of insulator will best meet the conditions, and whether 
or not the theory that as much of the insulator as possible should 
be kept dry is a correct one. This theory has been carried out 
in the vertical or pin tjrpe insulator with the result that in the 
three- and four-part insulators a good portion of the inner petti¬ 
coat is protected from the rain and cannot be washed by the 
elements. It therefore becomes necessary to shut down the 
line and wipe them by hand. This cleaning is especially neces¬ 
sary in the fog district near the bay and along the coast, where 
it has to be done about twice each year. The suspension in¬ 
sulator has a decided advantage in this respect, in that a much 
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greater part of the surface of the insulator is exposed to the rain 
and dirt, and is washed off during stormy weather. However, 
with the higher voltages at which this type of insulator is de¬ 
signed to be operated, there is every reason to think that similar 
troubles will be experienced, and doubtless the same homely 
means will sooner or later be resorted to in order to overcome it. 
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Discussion on The Developed High Tension Net Work 
OF A General Power System ”, San Francisco, Cal., 
May 5, 1910. 

Markham Cheever: One of the most serious problems that 
to-day confronts the engineer of an extensive transmission sys¬ 
tem is the automatic disconnection of disabled lines and ap¬ 
paratus. As the author points out, the fullest utilization of sta¬ 
tion capacities and the best general regulation of voltage can only 
be obtained by operating the whole system in parallel. However, 
the occurrence of anything abnormal at any one point causes a 
disturbance over the whole system. 

Most of the large transmission systems have been a matter of 
gradual growth, the extensions being made to meet particular 
requirements, rather than to conform to a comprehensive scheme. 
It is thus that complicated net-works have arisen, making ex- 
tremely difficult the satisfactory application of automatic 
switches. The general experience with automatic switches 
installed to cut out only the disabled section of transmission 
line has been unsatisfactory, but it is gratifying to note that 
relays have been designed to meet the conditions found in one 
large eastern transmission system and appear to be operating 
with success. The effort toward maintaining continuous ser¬ 
vice involves a thorough consideration of the arrangement 
of trunk lines and feeders, as well as the development of relays 
that will perform their function properly. 

A Member; There is one point on which I would like to 
ask for information from the eastern engineers and that is the 
extent to^ which automatic disconnection devices are used on 
high tension lines or connecting on to sub-lines or sections of 
the main line in cases of trouble. I would like to know the class 
of device that is used for that purpose, and whether it is operated 
simply by means of relays, operating trips and compressed 
springs, or whether a small storage battery is used for operating 
solenoid controlled switches. 

President Stillwell: The first instance that I know of, in 
which the problem of cutting out automatically at both ends a 
short-circuited feeder was seriously attempted, was in connection 
with the underground cable system of the Interborough RaSd 
Transit Company in New York. In that system the Man¬ 
hattan Power House and the 59th St. Power House are tied 
together by eight triple cables No. 4/OB. & S. gauge, and as 

contains nine alternators capable of developing 
1 500 kilowatts each, and about three times normal current on 
short circuit, the conditions imposed by short circuit in the cable 
system are extremely severe. During the development of plans 
for the Manhattan, the fact that without some such device a 
cable failure at practically any point might tie up the entire 
overhead transportation system of New York was realized and 
discussed, and some of our leading engineers took the position 
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that the possibilities of trouble were such that the use of a 
high-potential system of distribution from power house to sub¬ 
stations was not justified. It was suggested as an alternative 

that the power be supplied from a number of independent direct 
ctirrent systems. 

The automatic circuit breakers first tried were not satisfactory. 
They were of the type in which one element is connected across 
the line through a transformer. They generally failed to work 
for the reason that a heavy short circuit dropped the voltage 
to a point where they became inoperative. 

In the case of the Manhattan substations each is supplied 
through at least three cables and in most cases five are used. 
This permits the use of an actuating device for the circuit break¬ 
ers which depends not upon potential, but upon difference of 
current flowing in the short circuited feeder, and in the other 
feeders which supply the substations. ' 

Devices of this kind have proved very satisfactory, and now 
a short circuit in a feeder cable very rarely, if ever, causes trouble 
in power house or substation. The automatic circuit breakers 
operate effectively to disconnect the feeder at both power house 
and substation. 

When I became connected with the Niagara Falls Power Co. 
in 1907, I found in operation a service to Buffalo, supplied 
through transformers, which increased the dynamo potential 
from 2200 to 11,000 volts. There were metallic devices at the 
2200 volt terminals of the transformers, and also at their 11000 
volt terminals. In Buffalo the step-down transformers were 
similarly equipped, and a short circuit in Buffalo usually blew 
all four sets of fuses. 

The first step that we took in the direction of remedying this 
was to devise the time-limit circuit breaker, which is now exten¬ 
sively used in power house work. Andrews at Hastings, Eng¬ 
land, prior to this time, had devised and used the reverse-current 
circuit breakers, but we did not attempt the use of these at 
Buffalo. 

I see no reason to doubt that it is possible to equip such high- 
potential networks as you have here in California with automatic 
overload and reverse current circuit breakers, which will be 
effective in reducing largely the interruptions of service due to 
short circuits on the line. In the Carolinas, the Southern 
Power Co. now_ has some eight hundred miles of interconnected 
overhead circuits and have experienced considerable trouble 
from lightning. The engineers of the company are beginning, 
as Mr. Downing is here, to make experimental trials looking to 
improvement by means of automatic circuit breakers. It is 
good economy to spend even very considerable amounts of 
money to avoid interruptions of service. They hurt the business 
and limit materially the rapidity with which the transmission 
of electric power is being developed in competition with power 
locally generated. 
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I should like to ask Mr. Downing a question which relates to 
the matter of frequency. Some ten or twelve years ago Pro¬ 
fessor Perrine, then consulting engineer to the company which 
installed, as I understand, the first plant of the many which 
now constitute the system of the Pacific Gas & Electric Co., 
called upon me at Niagara and invited suggestions regarding 
frequency. I advised him to adopt 25 cycles as being better 
adapted than 60 cycles to transmission over great distances, 
pointing out that such systems always grow far beyond the original 
scope contemplated, and that with the increase in length of 
circuit, difficulties due to impedance drop would become very 
weighty. Those installing the plant to^which I refer ultimately 
decided to use 60 cycles, and I should like to ask Mr. Downing, 
whether, from his present experience, which has covered so 
wide a range, he would choose 60 cycles if he were to take this 
matter up de novo] or whether he would use a lower frequency. 
I should also like to ask him about interruptions of service. 
Any information Mr. Downing may see fit to give relative 
to these subjects, I am sure would be highly interesting and 
useful. 

L. R. Jorgensen: With eleven different hydroelectric stations 
to feed into a common network, the continuity of service depends 
more upon the character of the network than it does upon the 
character of the power stations. Generally the hydraulic con¬ 
duit is the weakest link in power generation and transmission, 
but not so in this case where we have many plants delivering 
power into the same system. In case of electrical trouble on 
the system the affected portion is cut out so as not to disturb 
other portions of the network. If this selection of the affected 
portion can be done automatically, it is the quickest and easiest 
way. The larger the system of transmission lines, the more 
difficult it is to lay out a system of automatic overload switching 
that will work satisfactorily. In any system, however, it can 
only be of advantage to have the incoming feeders to substations 
provided with inverse time-limit overload relays. These relays 
will work exactly as intended, if the whole substation load can 
be taken from one feeder at the time, or, if not, the different 
feeders should feed separate bus bars or separate sections of 
bus bars. In case, however, the different feeders and bus bars 
must be paralleled in the substation, the inverse time-limit over¬ 
load relay would not work at all times as intended, and the 
reverse-current relay should be substituted. But, if the in¬ 
stallation can be made to suit the former relay, it is the best, 
as the reverse-current relay has not reached the end of its de¬ 
velopment. The inverse time-limit relay, however, is entirely 
reliable. Whether the outgoing feeders from the generating 
station, feeding a complicated network, should be provided with 
automatic^overload relays is a question that perhaps must be 
answered in each case by trial to find out if the automatic 
feature does more good than harm. 
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E. F. Scattergood: There are three or more points which I 
would like to speak of in a suggestive way. Mr. Downing spoke 
of the pin type insulator. It has been demonstrated to the 
satisfaction of engineers in Southern California, at least two or 
three of them to my knowledge, that on 16,000-volt circuits, 
affected by fog, the seven-inch two-part mushroom type insu¬ 
lator gives much better satisfaction; that is, the insulator that 
is spread out flat gives much better satisfaction than the two- 
part insulator of the same character but with a top section droop¬ 
ing umbrella-shaped. That seems to be demonstrated without 
question and would simply follow out Mr. Downing’s idea of a 
more open insulator. 

The second point is in regard to oil switches. To my mind 
it is demonstrated quite clearly, that high-tension oil switches 
shotdd contain a considerable amount of oil; that is, a large cross 
section of oil on a level with the point of break and a con¬ 
siderable depth above, as indicated by the paper, and that the 
break should be horizontal; under these conditions the moving 
terminal is traveling in fresh cool oil if there is any heat at all 
generated, and at the same time in case there is a partial break¬ 
down on the part of the switch, that is, the formation of gas in 
the oil at the break, the gas tends to lift, but as there is a large 
cross section on a level with the break there will be quantities 
of fresh cool oil banked around on all sides, ready to flow in. 
So that we have both terminals at all times flooded with fresh 
cool oil. 

^ The third point is in regard to the telephone system men¬ 
tioned in the paper. I think you are all acquainted with the 
two opposite ideas expressed by engineers on the amount of 
insulation that should be placed on a telephone line in conjunc¬ 
tion with high-tension lines. I have heard it stated that one 
should not use larger than pony glass insulators, in order that 
there may be leakage of charges which would affect the telephone 
line. I have heard it stated by well-known engineers that such 
has been demonstrated. On the other hand it is stated by engi¬ 
neers that there should be strong insulation of telephone lines 
to avoid^ their being charged from the high tension lines, es¬ 
pecially if on the same poles; and that on a wooden pole line, 
for example, if the high tension crossarms are put on with lag 
screws in the center of the pole, and the telephone arm is put 
on in the same way, using pony glass for insulation, the telephone 
line will be noisy on account of the lack of insulation. 

I want to speak of an instance from which engineers present 
may draw their own conclusions, because it is not absolutely 
definite. In connection with the Los Angeles aqueduct we have 
a telephone line of 250 miles in length, built on separate poles. 
Notwithstanding the fact that it parallels 33,000-volt power 
lines, built for Aqueduct construction, along 200 miles of its 
length. It was built on separate poles and run underground, 
through well grounded iron pipe, wherever crossing high-tension 
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lines in order to insure perfect safety in its use by all classes of 
rnen engaged in the aqueduct construction. Standard D.P.D.G. 
glass insulators were used and the indoor wiring at telephone 
stations was carefully installed on porcelain knobs. My idea 
was that the line should be well insulated, and when it was’ 
completed it was what might be termed absolutely quiet, though 
paralleled by one 170-mile and one 30-mile 33,000-volt line with 
grounded neutral and a third power line similarly grounded, 

SOjOOO and 60,000 volts, for about 20 miles. An 
additional point is that one and one-half years after its installa¬ 
tion, apparently due to deterioration of the insulation, the line 
gave considerable trouble from noise. 

The fourth point I want to put more in the form of a question. 
The author of the paper, Mr. Downing, speaks of having no 
trouble in paralleling these different stations, which were built 
without expectation of their being paralleled. I understand that 
he i^ans that there is practically no trouble in operation. I 
would like to ask if he has made any readings or tests to ascertain 
how much power is being lost in the connecting lines, due to 
the current necessary for keeping the stations in parallel, aside 
irom the current which would exist there, due to the load. I 
know of one instance which has since been corrected, but which 
existed for a while in Southern California, in which a 1500-kw. 
unit at a considerable distance, tended to hunt a little and some¬ 
times more, and in several instances, when it was carrying as 
much as 900-kw., it was pulled off the line without the other 
stations experiencing increase in load. I might say that the 
hunting in those instances was not sufficient to disturb the system 
tor good operation and good service, yet was bad enough to lose 

the whole output of that generator up to 900 kw., in a distance 
of some 40 miles. 

1 *^* conditions in the east are somewhat 

liferent from those of the west, and yet you may be interested 
with a few of the various details. The company with which the 
speaker is connected operates two generating stations, having a 

kw* "^ke current is generated at 
bbOO volts, 25 cycles, and the transmission lines are all under- 
gmund. Ihese voltages niay seem low even when it is con- 
^dered that the entire distribution system is underground. 

+ stations are operated in multiple and all of the sub¬ 

stations, about twenty, are connected to the one 6000-volt 
network. The general method of handling the current is 
similar to that described in the paper, and which has, been used 
for the past eight or ten years. In order to prevent accidents 
a very strict code of mles has been prepared and each employe 
oper^ing in a generating plant or substation, receives one of these 
rule books, for which he has to sign a slip stating that he has 
received and read the same. There had been some cases where 

know a certain rule was ip 
lorce, and the court decision in case of accident was adverse tg 
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the company. For that reason, both the company with which I 
am connected, and others in Chicago and New York, have issued 
these rule books, which are very simple, and which give the 
general rules pertaining to operation, so that each employe 
knows how far he may go in any matter. Reliability is the 
most important thing as shown by one instance. The company 
has a contract with the City of New York, in which there is a 
penalty of $500 per minute for interruptions of service, in case 
current is desired. The transformers used are all of the air¬ 
cooled type, no water or oil cooled ones being used. In regard 
to the switches for these voltages, we have had the same trouble 
you have experienced on your high tension switches. The pres¬ 
ent type manufactured by the two large companies operate 
satisfactorily up to a capacity of say, 40,000 to 50,000 kw., but 
where the station capacity goes beyond that, and in the case 
of a short-circuit near to a station, the results are liable to be 
disastrous. 

Reverse-current relays in the cable system are always opera¬ 
tive as there is a storage battery in practically each and every 
one of the substations, thereby insuring a sufficient supply of 
low-tension current at all times. It is stated in the paper that 
the horn type arresters are set for a voltage of 25 per cent above 
the normal. It has been found on our system that voltage surges 
frequently approximate 100 per cent beyond normal. That 
probably is due to the greater capacity of the eastern under¬ 
ground cable as compared with the western aerial lines. 

John Harisberger: I would like to ask Mr. Downing what 
experience he has had in opening the switches on the trans¬ 
mission line. The present practice is to cement pins in to the 
insulator. It would be a splendid idea to use an iron pin in the 
insulator. I have found that very satisfactory. 

P. M. Downing: There is a question in regard to cementing 
the iron pin to the insulator. In the Puget Sound district, we 
have practically abandoned that practice by using a threaded 
iron pin for 60,000 volt service, and have found it very satisfac¬ 
tory. 

A. M. Hunt: There is one minor incident, in operating 
transformers that has come to my attention which I thought I 
would mention. It might be of value to some of you in operating 
work. 

At a substation of the Pacific Gas & Electric Company located 
at a prominent manufacturing extablishment, there were located 
three 100-kw., 60,000-volt transformers. It was found that 
one of the water cooling coils was leaking slightly. It was a 
very serious matter to shut down the plant. After thinking the 
matter over, I rigged up a syphon so that the coil could be kept 
under minus pressure, and it was operated that way for twenty- 
four hours in order to keep the plant going. Of course, in such 
a case the leakage would be from the oil side to the water side, 
and if serious would reduce the oil level, but in this case the leak^ 
age was not sufficient to be serious. 
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A. O. Austin: The extremely variable conditions effecting 
line insulation on this system have been pointed out by Mr. 
Downing, and it is in regard to insulators for these conditions 
that I would like to say a few words. 

It was in connection with insulators for these lines that the 
writer started experimental work which resulted in the develop¬ 
ment of the high efficiency disk suspension insulators, which have 
been installed on the largest lines during the past year. Most 
of the insulators on this system, in addition to having a large 
percentage of the surface protected, have large variations in 
diameter throughout the leakage path, and in addition, have the 
surfaces of highest resistance, limited by small striking distances. 
This, with a high electrostatic stress on the small shells is the 
cause of the great depreciation in insulation as the insulator 
becomes coated with dirt. 

The present insulators on this system were the best that could 
be had at the time they were installed; manufacturing conditions, 
however, have improved rapidly within the last few years, and 
it is now possible to make high efficiency insulators which do not 
depreciate to the same extent when coated. With high efficiency 
insulators, I believe i:t possible to insulate these lines so that it 
will not be necessary to clean the insulators. The high efficiency 
designs are small for the rating, and are so designed that the 
surfaces are cleaned by the wind and rain to a much greater 
extent than the low efficiency insulators. 

With the high efficiency designs, it is also possible to provide 
the line with a much larger factor of safety, the suspension 
insulators permitting of practically any factor of safety as re¬ 
gards line insulation. The suspension insulators in use on the 
Pacific Coast are of low efficiency type, having some of the 
faults of the present pin type insulators, and it is to be hoped 
that high efficiency insulators will be installed under the same 
conditions, so that comparisons may be made when insulators 
have assumed a permanent working condition. 

C. F. Adams: There are one or two points which I would 
like to bring up, one is the subject of the oil switch, and Mr. Wells 
has just described the ordinary results from the over loading of 
the switch under service conditions. I presume he refers to 
what is ordinarily known as type H switch. The chief trouble 
that occurs is that which seems to be due to the compression 
of gases in the cylinder, which is too small to contain those gases, 
resulting in an explosion. The particular switch which is il¬ 
lustrated in the paper, is built upon the theory that the necessary 
thing in an oil switch is a sufficient depth of oil over the arc that 
psults from opening the switch, and also sufficient area for vent¬ 
ing the switch. ^ The entire rim around the top of the tank is 
vented by a series of holes giving a resulting cross section of 
several square inches through which any gases may escape. 
In actual practice this theory has worked out far better than the 
idea of allowing the gases to compress and thus extinguish the 
arc by pressure of oil. 
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There is another feature in Mr. Downing’s address on which 
I had hoped to hear from the manufacturers. There are two 
types of construction of high-tension transformers. The original 
high-tension transformers were constructed on the theory 
that the potential between the high- and low-voltage windings 
was a possible source of danger; in other words that a break down 
in the high-tension windings might be communicated to the low- 
tension windings resulting in a break down of the distributing 
system, and for this reason the barriers between windings were 
made more or less fire proof in their nature—micanite being 
used a great deal. 

That theory has been abandoned, though many cases have been 
found in wh'ch local short circuits in high-tension coils 
have not extended beyond the limit of the coil, and have not 
burned through the barriers. In later construction the press 
board insulator has been used entirely, overlooking this feature 
of transformer construction, and the barrier simply serves the 
purpose of directing the flow of oil between the various coils. 

Another feature of insulation which he discusses is the water 
absorbing possibilities of the material. For many years the 
manufacturers went upon the theory that the oil which would 
enter the partitions would be sufficient to exclude the possible 
admission of moisture. This theory has not been borne out 
by practice, and in fact, it is practically common knowledge that 
press board thoroughly saturated with oil has a continuous 
affinity for water that may be in the oil; from my own observa¬ 
tion I have found that partitions immersed in oil, after a period 
of some months, would be found to have this peculiar quality: 
at the upper end of the partition the insulation might with¬ 
stand 65 or 70,000 volts, while at the bottom of the partition, 
the thickness being identically the same, the same partition 
would break down at from 25 to 30,000 volts, and this insula¬ 
tion feature was practically dependent upon the depth of the 
immersion in the oil, or the height from the top down. 

P. M. Downing: In reply to the several inquiries that have 
been made, I will endeavor to answer them as well as I can. 

The first is by the chairman as to whether or not, if we had it 
to do over again, we would select the same frequency. I en¬ 
deavored to bring out in the paper that one of the hardest 
problems that an engineer had to contend with in the operation 
of a long distance transmission line was the holding up of the 
voltage on the end of the line due to the inductive drop. It 
can be overcome to a very great extent by the use of a lower 
frequency, and after the experience which we have had, it seems 
to me that I would seriously consider a lower frequency before 
adopting the 60 cycle. 

As I stated in the paper, practicaTy all of these plants were 
built with the idea of operating as independent plants, and 
not with the idea of ever being tied into a net work such as we 
are operating to-day. It is for that reason that we fixed upon 
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60 cycles, and there is no question in my mind but that the lower 
frequency would be better. 

The second point brought up by the Chairman is as to what 
part or portion of the load can be taken up by turbines operating 
in parallel with the system; referring now to the particular 
system which we have been discussing, we do not attempt to 
take up the entire load. The steam plants are located at the 
more _ important distributing centers, where the service is of 
most importance, and we only attempt to pick up that importan t 
service, and do^not try to handle the entire load. 

President Stillwell: Is that_ picked up automatically, or do 
you have an interruption of a minute or so until you get started? 

P. M. Downing: Ordinarily it is picked up automatically, 
that is, without interruption to the service other than a drop 
in the'voltage. 

In reply to Mr. Scattergood’s inquiry, as to whether or not 
there was any appreciable amount of power taken to keep the 
different stations in parallel—that is rather a hard question to 
reply to, for the reason that it can only be determined by getting 
all of the load off the line and seeing what was being required. 
This, of course, is out of the question, and for that reason I do 
not know. We do know, however, that there is no great amount 
of wattless current circulating between the different power 
houses practically no current whatever through the neutral 
of the high-tension transformers, such as was discussed • this 
morning in Mr. Rhodes’ paper. 

Mr. Harisberger brought up the question of the necessity or 
desirability of insulating the metal tank of the oil switch from 
the ground. 

This practice is the result of experience dating back a number 
of years to a time when the art of manufacturing satisfactory 
insulators was in what might be called its infancy. 

The porcelain manufacturers were unable to furnish an insu¬ 
lator that could be relied on to stand the break-down strains to 
groxmd even on comparatively short lines carrying light loads. 

We are to-day able to get a much better grade of porcelain, 
and in such shape that it is much better adapted to our require¬ 
ments, but notwithstanding this fact, the duty imposed upon 
the switch is much greater than formerly, and the necessity of 
taking every possible precaution in the way of insulating cor¬ 
respondingly increased. 

Insulating the tank from the ground gives an additional factor 
of safety by cutting down the voltage strains on the bushing 
insulators entering the switch. Nor have we yet heard anv 
good reason why they should be grounded. ^ 

It is claimed by some engineers that grounding the switch 
tanks is desirable on account of safety to persons coming in 
contact with it. To a certain extent this is true, but I think the 
instances where men are required or permitted to work around 
high voltage switches with power on, are so few that it is unwise 
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to sacrifice the efficiency of the switch in order to provide the 
additional safety, desirable only under what might be considered 
extreme emergencies. 

The' particular air switch referred to by Mr. Harrisberger is a 
horizontal break, pole type switch, consisting of contact jaws 
mounted on line insulators with a connecting blade rotating 
in a horizontal plane. The three moving blades are connected 
together and controlled by a single rotating shaft operated from 
the ground. 

It was designed to be used as a disconnecting switch on small 
transformer installations, or on branch lines where there is little 
or no current to be broken. It was never intended that it should 
handle currents of any magnitude. 
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HYDROELECTRIC POWER AS APPLIED TO IRRIGATION 


BY JOHN COFFEE HAYS 


Introduction 

Among the many uses to which hydroelectric power is being 
applied, that of electrically pumped water for irrigation is being 
advocated at present in a great many instances; and while the 
mere pumping of the water is so simple as to be hardly worthy 
of discussion, it may be of interest to point out some of the 
operating conditions encountered in a project formed chiefly 
for this purpose. 

A hydroelectric system to supply power for pumping water for 
irrigation will usually be required to build up its own market in 
the territory served, and it is manifestly necessary at the outset 
to carefully study the territory. Usually some pioneer work 
by progressive farmers will show what the land is capable of 
producing, but the greater part of the territory will consist 
of barren country planted to grain, or used for grazing purposes, 
with here and there a town. This land is in large holdings, and 
the first thing to be determined is the amount of sub-division 
which may be expected, and whether the proper men are in 
the field to bring this sub-division about. The character of the 
land, is of course, of primary importance and the percentage 
of good land should be carefully determined. Irrigated land 
should have a slight ^ope for distributing the water and must be 
reasonably smooth. Hard pan near the surface must be guarded 
against, as it generally denotes a rather poor quality of soil. 
The adaptability of the soil for different products and the 
climate should be considered, yet data on these two points are 
hard to get and are usually unreliable. Tests and analysis of 
the soil would seem to be the natural way of determining its 
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adaptability to the different products, but the agriculturist 
pays very little attention to these analyses, and has apparently 
a good reason for this, as they are often unreliable. 

In the San Joaquin and Sacramento valleys it has been 
demonstrated that almost any kind of products may be raised on 
the good lands. Only a small portion of this land has been 
planted to citrus fruits, but small groves may be found along 
the entire length of the valley, and it would therefore seem as 
though it were all adapted to this class of products if water is 
applied. The best conditions seem to exist, however, where the 
mountains rise abruptly from the valley, and the level flat land 
extends up to the foothills, for, where a long stretch or rolling 
country lies between the plains and the hills, hard pan and bed¬ 
rocks are generally very much in evidence. 

Due to the fact that the oranges in the San Joaquin valley 
ripen and are marketed a full month earlier than those in the 
southern part of the state, they bring exceedingly good prices, 
and the growth of this industry is very rapid. The present 
citrus districts, as in fact is most of the land in the citrus belt, 
are above the existing irrigation canals, which in most instances 
divert all of the water available from the rivers, and are therefore 
entirely dependent on ground waters for irrigation; and, as the 
profits from this crop warrant a large expenditure, it is naturally 
the best market for power for pumping purposes. Aside from 
citrus fruits, all kinds of high-class products, such as deciduous 
fruits, berries,^vegetables, nuts, vines, and alfalfa are to some 
extent also irrigated by pumped ground water. 

The amount of water required for the irrigation of different 
products varies to such an extent in the different communities 
that it is impossible to get any figures which would be at all 
accurate. The character of the soil is accountable for the dif¬ 
ference to a large extent,, but the cost of water and the personal 
equation are accountable to a very much larger extent. There 
is usually a marked tendency to the over-use of water. The 
duty of irrigation water in California is believed to average about 
2 ft. in depth in addition to the average rainfall. 

In the Imperial valley, in 1906, 120,000 acres were irrigated 
and a total average depth of 2.04 ft. was used, the main crop being 
grain. In San Diego county on land planted to citrus fruits an 
average depth of 1.5 ft. was used from 1889 to 1899. Subse¬ 
quent dry years, it is stated, lead the growers to believe that 
too much water had been used. Around Los Angeles it is 
estimated that an average depth of 2.4 ft. is used. 
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In the Modesto and Tyrlock districts as much as 8 ft. to 10 ft. 
in depth was used at the start, but in 1908 the depth varied from 
1.2 ft. to 3.6 ft. In the Fresno district very little water is applied 
to the surface of the land at present, the land being sub-irrigated 
by seepage from the canals. 

Comparison of Gravity and Ground Waters 

Where gravity waters are available this method of irrigation is 
usually much cheaper than by ground waters, and will conse¬ 
quently be used in preference. However, the difference in 
price is not as great as is popularly supposed, and the cost of 
irrigation in the case of high-class products is really one of the 
small items in the total expense, and therefore the use of ground 
waters may show advantages which will easily offset the dif¬ 
ference in actual cost. Ground water irrigation has the following 
advantages all of which are of considerable importance: 

First, the duty of water is higher, due to the fact that it is 
more economically used on account of the cost of pumping, and 
the water that is not evaporated and absorbed by the products 
again sinks into the ground to replenish the underground supply 
and be used over again. 

The second advantage is the drainage function, as the over¬ 
use of surface water has, in many cases, ruined excellent land 
by causing the raising of alkali to the surface, and thousands of 
acres of the finest lands in the large irrigation districts have 
been waterlogged and ruined by the excessive use of gravity 
waters. 

The third advantage of ground water irrigation is the freedom 
from weed seeds which are often carried by ditches and canals, 
and which, if they do not actually ruin the property, greatly 
increase the cost of cultivation. 

The fourth advantage which the pumped water has is its 
convenience, and the absolute independence of the farmer using 
it. The matter of taking turns at the water, and having to use 
it when you do not want to, and not being able to use it when 
you do want to, or trouble with the man further up the ditch 
taking all the water in the dry season and flooding you out in 
the wet season is entirely done away with where ground waters 
are used. 

The writer has found it impossible to obtain any reliable in¬ 
formation regarding the cost of gravity water irrigation except 
from the large irrigation districts, and even this is incomplete. 
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The large irrigation districts in Central California are not fully 
developed, and to take care of the lands which are not yet irri¬ 
gated, but which are paying their portion of the irrigation tax, 
reservoirs must be built. The drainage of these lands may be 
counted upon to cost as much or more than the irrigation. 
In the case of the small ditches practically no record of costs is 
ever kept. The cost of litigation is another large item which 
may be charged to practically every ditch and canal system. 
Taking all these things into consideration, it will be seen that, 
even where actual cost is concerned, the pumped water may 
compare very favorably with surface water in cost, and in fact, 
there are instances where it is actually cheaper. 

The only argument aside from the less expense that the writer 
has heard advanced in favor of the surface water irrigation is 
the fact that the surface water may be a better quality, it being 
nearly always soft and pure, while the ground waters are some¬ 
times hard, and in some cases alkaline and injurious to the 
products. There are, of course, cases where these conditions 
exist when the use of ground water is out of the question. 

Where intensive farming is practiced and the ground waters 
are entirely depended upon, some concern has been felt as to the 
sufficiency of the underground supply, and undoubtedly many 
localities could be found where more water would be withdrawn 
from the underground basins than is restored by natural process. 
The Lindsay district is entirely planted to citrus fruits and other 
high-class products requiring a large "amount of water. Every 
drop of water used for irrigation, domestic and stock purposes is 
pumped from the ground, and the water level averages a depth 
of 60 ft. to 70 ft. when pumping. It would seem that the Lindsay 
section should show a diminution of the ground water supply, 
if it is to be a serious problem, as it is probably the most dis- 
advantageously situated district in the county in this respect, 
yet the water after twelve years of heavy pumping is standing 
as high in the wells as ever. It is also to be noted that the wells 
are not what might be considered deep, their average being 
about 150 ft. to 200 ft,, and, as the cost of pumping is insignificant 
when compared either to the profits or to the expense of the grove, 
it is apparent that much deeper wells may be indulged in if the 
waters show signs of decreasing, and within certain limits, the 
deeper the well the more water. 

The San Joaquin and Sacramento Valleys are also favorable 
storage basins for ground waters, as the only outlet is the San 
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Francisco bay through the narrow straits of Corquinez. The 
elevation of the Lindsay district two hundred and fifty miles 
away is about 300 ft., and the ground waters must, therefore, 
of necessity travel very slowly and be in large quantities. 

Development op System 

In determining the policies and the scope of a proposed hydro¬ 
electric system for the supply of power for pumped irrigation, it 
is necessary to determine at the outset the exact territory to be 
served and the general policies to be followed as regards charges, 
contracts, extensions, etc., or, in other words, a definite goal 
must be set, the power company must do everything possible to 
assist development, and any inhabitant in any section of the 
territory must be supplied with power whenever it is required. 
Therefore, the power system simply grows up with the country, 
and while this growth is taking place (it of necessity must take 
many years), it must be considered that the power system is in 
course of construction during the entire period. This is the 
main feature in which the power project depending entirely 
upon an irrigation market differs from the project supplying 
ordinary commercial business in an already well settled com¬ 
munity, and this is a difference which is seldom fully understood 
and the time element not fully provided for. 

The initial installation will usually cover various towns and 
communities, and, if the territory is partially developed, the de¬ 
velopment will probably be close to the towns. The business 
available may, therefore, be fairly well concentrated at the start, 
and consequently profitable as far as it goes, but naturally only 
a small amount of the ultimate power required will be marketed. 
The extensions to the system will be made from these towns, and 
the fact that development of the community always starts near 
the town and grows outward is a most favorable condition of 
affairs for a power company. The price of land is always greatest 
near the towns, and decreases in proportion to the distance 
from any center, yet the land near the town is the first developed. 
These towns are built along the railroad, and being the shipping 
points, the reduced cost of hauling to the railroad to a certain 
extent offsets the additional cost of the land. 

The Hydroelectric System 

The character of construction of a system depends entirely 
on the class of market, and for irrigation a slight discontinuance 
of service is not serious, therefore a light construction is per- 
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missible. The generating stations at the outsel should be of a 
fairly permanent character, l.iit the distributing' systcan may -ind 
actually should be of a light and in many cases 'even bonierin- 
on a temporary character, as it is necessary to economize in every 
way at the outset to warrant the low rate which it is necessary 
to charge in order that the market ina}^ be developed ; for it is 
nec^sary at the outset to establish a rate which will continue 
m effect when the system is fully developed. Even the e.Kiien.se 
of tlie generating- stations may be reduced to a considerable ex¬ 
tent at first, and as tlie system increases and tlie market becomes 

concentrated, improvements of a more iiermanent naf.ure may 
be added. 

_ Notwithstanding this, l.lie writer lias heard engineers of stanrl- 
mg make the broad statement that there was no excuse for tlie 
use of a wooden Hume and that a tunnel was tlie only proper 
■ ling; also that certain plants were altogether too flimsy and 
temporary m their design, and that the wooden pole line was 
entirely obsolete. When these statements ai-e made, tlie wrif.er 
cannot but think that the assertions arc prompted hy a lack 
ch regard for tlie first principle of engineering, namely, econonry. 
bveiy one who has had any experience with tlie wooden Hume 
<nows the many interruptions of service caused by it, yet if 
constant service is not absolutely nece.ssary, wliat po.ssihle lyiie 
of construction can compare with the flume. It is short liwli' 

r.r ^-uiinel, and during tlie 

caily life of a transmission system every dollar counts If the 

system warrants a tunnel, it may lie constructcl durng f.he life 

of the Hume to take its place. Of course, if tlie systems dei.ends 

replacement of tlie flume 
IS both diflicult and expensive, but few existing systems of any 

importance rely entirely on one plant, and there is usually sufib 

eient capacity available during certain periods of the year to 

D anT s'r?! Also an auxiliary steam 

^ Wn 'i ' *"^i ^ tunnel and much more useful. 

clim^t/rn r"" reliable in our California 

linestn substitute for the steel tower 

o nreieut ei ' “““ and there is nothing 

pole has ou r tower line when the wooden 

pole has outlived its usefulness; no interruption of service is 

necessary, as the right of way-should be wide enough to -ic 
commodate both lines. ^ 

Among the different parts of the system where considerable 
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expense may be saved is the switching gear, which may be 
extremely simple at the outset and still ample. A small gal¬ 
vanized iron building on a wood frame is a thoroughly satis¬ 
factory building for the pioneer substation, which can be re¬ 
placed by a permanent and fireproof structure when the business 
warrants. By the construction of light, inexpensive tie lines 
one substation may be arranged to temporarily supply the 
territory of another, and by the construction of a ring system 
many miles of expensive transmission line may be replaced by a 
much lighter class of construction, which will answer all pur¬ 
poses for many years. 

In the greater part of California the conditions are ideal for 
long pole spacing. High winds seldom occur and sleet is un¬ 
heard of, but it is not uncommon to see a line consisting of three 
wires ranging in size from No. 2 to No. 8 supported by poles 
spaced from 120 ft. to 150 ft. apart. However, on new lines, the 
fallacy of this mode of construction is apparently being realized, 
and much of the new work looks different. In one case the writer 
has seen a pole spacing of over 500 ft. in use on light lines, 
40-ft. poles being used, which made a very nice appearing and 
businesslike line. Due to the less number of poles used, better 
poles, cross-arms and insulators may be indulged in. Other de¬ 
tails may be treated in a similar manner. 

Description of Typical System 

The writer has been connected for several years with probably 
the only hydroelectric power project that depends almost en¬ 
tirely on pumped irrigation for a market, approximately 70 per 
cent of the power generated being used for this purpose, the bal¬ 
ance of the power being used for the ordinary commercial 
purposes in towns and settlements within the territory served, 
and for the operation of one interurban railway. The entire 
territory, however, is supported by the agricultural and horti¬ 
cultural products, and, therefore, the system is believed to be 
almost as nearly an exclusive power pumping system as can be 
imagined. The actual conditions obtaining on this system should 
apply closely to conditions which may be expected in other 
similar projects. 

Territory, The territory of the company referred to com¬ 
prises approximately 1,050 square miles in Tulare and Kern 
counties, California, being a strip of country about 50 miles 
long north and south, and 22 miles wide. The only available 
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gravity waters for irrigation are the waters of the Kaweah and 
Tule Rivers, all of which have been long ago appropriated. 



Fig. 1 


This gravity water irrigates about 90,000 acres of land and the 
balance of the territory, or approximately 560,000 acres, must 
depend entirely on the ground waters for irrigation before they 
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can be made to produce other than grain or pasturage. The 
average annual rainfall for the territory is about 10 inches, and 
the soil and climate are admirably adapted for the production 
of all kinds of high-class products. The territory may be for 
convenience divided into two sections, the citrus belt comprising 
approximately 200,000 acres of land, and what may be termed 
the valley portion. In estimating the power requirements it is 
considered that approximately half of the land in the citrus belt 
will be planted to products requiring approximately half as 
much water as the citrus fruits. 

Forms of Contracts and Charges 

The bulk of the power is sold under three forms of contract, 
all being for a period of five years or longer. The contract under 
which the greatest amount of power is marketed, and which is 
used by the orange grower, is called the “continuous” rate and pro¬ 
vides for the supply of current at the fiat rate of $50 per h.p. 
per year, as measured at the peak load at any time during the 
season. 

The second contract, called the “spring and meter ” rate 
applies to other classes of products, such as deciduous fruits, 
alfalfa, etc., and provides for the supply of power at a flat rate 
of $25 per h.p. for the period from February 1 to July 31, when 
the meter is cut in and all current used during the remaining six 
months is charged for at the rate of 3c. per kw-hr. The minimum 
payment during the meter period is $1 per h.p. installed, per 
month, thereby bringing the minimum charge to approximately 
$31 per h.p. per year, the fiat rate charge being based on the 
maximum demand. In nearly all cases where this contract 
is used the annual consumption is not in excess of the minimum, 
as the total amount of current the consumer is entitled to under 
the minimum may be used at any time during the meter period. 
The cost of pumping under this form of contract varies directlv 
with the rainfall, but the minimum will be sufficient for the 
average season. This contract is used to a considerable extent 
on land which is irrigated by gravity waters, which are not 
sufficient in the dry seasons, and is in this way used as an auxiliary 
or an insurance. This contract may also be applied to the 
orange growers, and the power required would range from $40 
to $65 per horse-power per year, depending on the season. 
Most consumers, however, prefer the regular flat rate contract, 
and the “ spring and meter ” rate is seldom used in this district 
except in the case of a young grove, where less water is required. 
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The exclusive use of this form of contract for irrigation would, 
however, be of advantage to a power company where steam 
power is used as an auxiliary during the dry season, as the oper¬ 
ating ratio would be more uniform under these conditions. 

The third long term contract applies to power for miscellaneous 
commercial purposes not pertaining to irrigation and consists 
of a meter rate with a graded base rate according to the season 
of the year. For motors having a capacity of less than 20 h.p. 
an addition is made to the base rate according to the size of the 
motor, to motors from 20 to 50 h.p. the base rate applies, and for 
motors from 50 to 100 h.p, a subtraction is made from the base 
rate. The minimum payment is $1 per h.p. per month for the 
rated capacity of the motor. This method of charge, while 
somewhat complicated, works out very satisfactorily in practice, 
as will be observed from the fact that practically all other kinds 
of power have been displaced in the territory. The reason for 
adopting such a rate will be apparent by a study of the load curve 
and the curve of stream flow. Naturally most consumers can 
not regulate their demands for power in such a way as to use the 
greatest amount during the time of the low rate and economize 
during the time of the high rate, but the general effect is good 
and a marked tendency toward the desired results is being 
obtained. 

Aside from the above contracts, lighting rates and a monthly 
power rate are in force, but include no special features. 

Under the pumping contracts, it is to be noted that the same 
rate is made on any size motor, which is most important, as the 
sub-division of the land into small tracts is necessary for the 
success of any community, and the small grower should receive 
all the encouragement possible. 

The above contracts all include the following provisions, 
which are somewhat out of the ordinary: 

1. All contracts are acknowledged before a notary public 
and recorded. 

2. All contracts are an absolute lien on the property of the 

consumer, the property being accurately described in the 
contract. 

3. The consumer grants the company a right of way over 
any part of the property described. 

The use of the current is limited to the land described in the 
cor tract. 

5. All delinquent accounts bear interest at the rate of 1 per 
cent per month, compounded monthly. 
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6. The minimum charge under the flat rate contracts is for 
75 per cent of the rated capacity of the motor. 

The advantages of the above provisions are as follows: 

No. 1 is explained by those following. 

No. 2 protects the company against all bad debts and takes 
the place of the often-used meter deposit. In connection with 
No. 5 it allows the company to carry the account of some hard 
pressed consumer longer than might be otherwise done, as the 
security, is amply suffl.cient. There are also many cases where 
the consumer prefers to pay the interest charge, if he can 
allow his account to run until the returns from his crops are 
received. 

The third clause is one over which considerable trouble was 
experienced at first, but is nevertheless the most important one 
to the company, for, in a country where roads are few and far 
between, it is continually necessary to cross over private prop¬ 
erty, and the right of way over the property of one. consumer 
allows for the construction of lines to serve his neighbor. The 
objections raised to this clause were that the company would 
have a right to run lines all over the consumer’s property and 
might run right through his front yard or over his house, if it 
wished, but these objections gradually died out, for the company 
in all cases takes the path of least resistance, the consumer being 
consulted where it is necessary to run over his land, and the 
lines are constructed in accordance with.his wishes, even though 
this is not always the shortest way across. It is also the aim 
to run all transmission lines on section lines, for it is considered 
that there should be a county road around each section and that 
eventually there will be. The company has a franchise over all 
county roads and naturally uses them wherever possible. The 
land owners have, therefore, been shown that the right of way 
privilege has not been abused, and that in all cases where their 
land has been crossed it has been for the benefit of their 
neighbors. 

Nos. 4 and 5 are self explanatory. 

No. 6 is incorporated to encourage the use of the proper size 
motor for the service required. An electric motor operated at 
full load feels dangerously hot to the layman, and it is ap¬ 
parently the natural tendency of the farmer to purchase a larger 
size motor than is needed. The determination of the proper 
size motor is a simple matter, and a partially loaded induction 
motor has a power factor that does not do a transmission system 
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any good, so the 75 per cent of the rated capacity minimum 
payment is rigidly enforced. 

By the installation of a double throw switch, the flat rate 
consumer is allowed the use of current for lighting purposes 
when not using the motor, ten 16-c.p. lamps being allowed for 
each horse power contracted for; but, of course, this lighting is 
confined to the residence of the consumer. The grower generally 
provides a motor of one or two h.p. capacity for pumping water 
for domestic use, the pump operating in the day time and the 
lights at night. Lighting is the only use of current allowed under 
these conditions, although small household appliances, such as a 
fan motor, flat iron, vacuum cleaner, etc., may be used. Elec¬ 
tric heating and cooking, however, are not allowed, the regular 
meter rate being used for this purpose. 


Load Characteristics and Power Required for Pumping 


The load curve, Fig. 3, together with the connected loj 
Fig. 2, wall show better than any individual examples the amount 
of power which is required for a large territory wath varying 
water levels ranging from a few feet to 90 ft., and with lifts above 
the surface at the wells varying from two or three feet to several 
hundred feet, there being approximately 18,000 acres of land 
under pumped irrigation at present. 


It is estimated that one horse power used in the ordinary 
way during the respective irrigation seasons will irrigate an aver¬ 
age of five acres of citrus fruits and 10 acres of other products 
in the citrus belt, and 16 acres of deciduous fruits, alfalfa, etc., 
in the valley section. 


The following table was compiled from observation at typical 
pumping plants on the system. In the table the letters at the 
head of the columns signify as follows: 


A. No. of acres of oranges. 

B. Average age of orange grove. 

C. No. of acres of vines. 

D. No. of acres of alfalfa, 

E. Horse power capacity of motor. 

F. Horse power tested. 

G. Depth of water during pumping season. 

H. Height water is raised above surface of ground at well. 

I. Total head. 

/. Acres per installed horse power. 

K. E.stimated depth of water available over land if operated con¬ 
tinuously during pumping period based on 50 per cent 
plant efficiency. 
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The above table might be extended and averaged to show the 
horse power and water required for the supply of ’various pro¬ 
ducts and for the requirements of orange groves of different 
ages but there are so many variable elements entenng mto each 
case’that any such figures, even if based on an average of every 
plant on the system, would be, in the writer’s opinion, practical y 
Lrthless. In the case of the high lift plants water is usually 

taken from the main pipe at different levels but 

is charged for at the maximum demand rate and as the puinps 

are designed fot the highest head, only the high head is taken 

'”?igTshowrt°he increase of connected load on the system fr^ 
1903 to 1909, inclusive, for power and lights. This curv 

railroad load, which ia 600 kw. and waa conoo^d 

iTi February 1908, and operates at a load factor of approxim y 

S, tS^’tShout L year. Of the to.,1 TrSeoCr 
load at the end of 1909, there was 3,776.75 h.p, ^ ...^oai 
i„g of water, leaving 673.25 h.p, for cotamerroal 
Thit appUet to aU motors over i h.p., sites nnder this bemg 

included in lighting. 
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Fig. 3 shows the average monthly load curve at the generating 
stations for 1901 to 1909, inclusive. The shaded portion of this 
curve represents the load on the auxiliary steam plant, made 



Fig. 2 


necessary in 1908 by the disabling of one generator in No. 1 
power house and an extremely low water period of the rivers j 
and in 1909 the steam plant floated on the line until the Tule 
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rivei plant was completed late in the season, the other power 
stations being fully loaded. 

Fig. 4 shows the load curve for the maximum demand during 
the years 1907, 1908 and 1909. It will be noted that the maxi- 
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mum demand at the power stations is very much less than the 
connected load, regardless of transmission losses, although the 
pumping load is considered extremely steady during the irriga¬ 
tion period, the pumping plants operating 24 hours per day at 
as near the full capacity of the motor as possible. The lighting 
load has no appreciable effect on the generating stations during 
the time of maximum demand, as it is balanced by a certain 
amount of power used only during the daylight hours. 

Fig. 5 shows the load factor of the system, and this also clearly 



Pig. 4 


points out an important condition to be considered in an enter¬ 
prise of this character, as it is comparatively low. This curve 
shows that a large amount of power is available for market 
during the winter and spring months, and with such .market 
obtainable, the capacity of the generating stations could be 
greatly increased, as the flow of the rivers is greatest at this 
time. 

Fig. 6 shows the characteristic flow of the streams during a 
very dry season, and is a combined curve of the Tule and Kaweah 
rivers. All of the rivers flowing into the San Joaquin valley 
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have the same general characteristics, and a comparison of tlie 
load curve and this curve of stream flow sho\ws the time of heavy 
load during the period of low water, and the generating plant 



must, therefore, be designed for the minimum flow of the stream 
unless suitable storage reservoirs are available. These reservoir 
sites are available on some of the streams feeding the valley, 



but in the case in point are scarce and expensive to develop, 
and the plants are designed for the minimum flow. 

In connection with the load factor curve, it is to be noted that 
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when the load factor reaches approximately 50 per cent it is 
necessary to construct an additional plant. 

Generating Stations 

The generating stations consist at the present time of three 
hydroelectric power plants having an aggregate capacity of 
4,850 kw. and one turbo-generator steam auxiliary plant having 
a capacity of 1,000 kw. Two of the water-power plants are on 
the Kaweah river and one on the Tule river, the steam auxiliary 
being in Visalia,, the principal town on the system. The fourth 
water power plant, which will have a capacity of 3,000 kw. will 
also be on the Kaweah river. 

Power house No. 1 was the first constructed, and diverts the 
watefs of the east fork of the Kaweah river through six miles of 
redwood flume. The plant was constructed in 1899, and the 
flume is to-day perfectly sound and will last at least 10 years 
longer before it will require replacement. The static head ob¬ 
tained is 1,310 ft. and the generators are driven by overhung 
wheels on the generator shaft. The equipment consists of 
three units of 450 kw. each, two belt-driven exciters, and four 
500-kw. transformers, one being a spare transformer. The 
transformers are oil-insulated and were designed to be self- 
cooled, but additional cooling is obtained by pumping the oil 
through coils on which water is sprayed. The transformers are 
located in individual compartments entirely separate from the 
power house, as are also the lightning arresters and high-tension 
switches. 

Regulation is manual, controlling stands being situated in 
front of the switchboard, two of which operate deflectors which 
regulate the amount of water applied to the wheels by deflecting 
the stream, and one of which regulates the water supply to the 
third machine by a needle nozzle. At the penstock a regulating 
reservoir in the form of a large flume has been constructed, having 
a capacity of 25,000 cu. ft. The main function of this reservoir 
is to smooth out the daily variation of stream flow, as, due to 
the method of regulation at the power house, no great economy 
of water can be practiced, although the needle nozzle allows the 
regulation of water to some extent. Since the other plants have 
been constructed, however, no regulation is done at No. 1, 
which simply takes a certain load and holds it. 

Plant No. 2 was constructed during 1904 and put into opera¬ 
tion in January, 1905. The water for this plant is diverted from 
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the main Kaweah river, and is conducted to the penstock through 
15 flumes aggregating 0.87 mile, and 3.1 miles of ditch. The 
flumes are all redwood and the ditch is concrete lined, the ditch 
construction being used where the slopes will permit, the flumes 
being constructed on the rough broken ground and to cross 
ravines. A concrete lined penstock reservoir is excavated in the 
side of the hill having a capacity of 75,000 cu. ft. The static 
head is 360 ft. and the power house equipment consists of three 
units of 500 kw. capacity, each direct connected to high-head 
turbines regulated by Lombard governors. Two turbine-driven 
exciters are installed, which are hand regulated. Seven 350-kw. 
step-up transformers are installed in compartments outside of 
the power house, one being in reserve. The transformers are 
cooled in the same manner as those at No. 1 by circulating^ the 

The No. 3 Kaweah plant, on which construction is just started, 
will divert water from the main Kaweah river, which after pass¬ 
ing through a conduit 10 miles long, will discharge just above 
the intake of No. 2, thereby using the water twice. The static 
head of this plant will be 1,960 ft. 

The transformers at Nos. 1 and 2 are arranged on trucks so that 
they may be easily run into the power house under the crane for 
repairs, etc., if necessary. In No. 1 individual tracks are run 
from each transformer, and in No. 2 a transfer truck is run on the 
track in front of the transformer compartments, so a transformer 
may be pushed out on to the transfer truck and taken to a short 
piece of track entering the power house. The switching gear in 
both stations is arranged so that the spare transformer may be 
immediately cut in in place of any other transformer. 

The buildings at both Nos. 1 and 2 are constructed of corru¬ 
gated iron on wood frame; foundations, floors and transformer 
compartments being constructed of concrete. The corrugated 
iron structure is, for all practical purposes, ample, as the climatic 
conditions are most favorable, and a protection from rain is 
about the only requirement necessary. These buildings are 
however, cold m winter and hot in summer, and would not be 
considered strictly permanent or fireproof. 

The third, or Tule river plant, was constructed in 1908 and 
1909, and started operation in September, 1909. The water is 
diverted just above the junction of two forks of the river, there 
being two diverting^ dams and headworks from which’ short 
flumes lead to a point at approximately the junction of the 
river, and join. The water is conducted to the penstock through 
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4.5 miles of pine flume, 2.06 miles of concrete lined ditch and 
880 ft. of inverted siphon pipe, the siphon working under a 5~ft. 
head and having its lowest point 120 ft. below the conduit grade. 
This siphon was used to cross a long gulch. 

The ditch is lined with concrete and excavated well into the 
mountain, very little reliance being placed on the filled bank, 
the water level being only 6 in. above the natural level of the 
downhill slope. The ditch is 4J ft. wide and 3 ft. deep, the sides 
sloping 1 to 1. It is lined with concrete 2J in. thick, over which 
J in. of cement plaster is applied. A small amount of alum was 
mixed with both the concrete atid the plaster, which renders the 
lining practically water tight. Due to the steep slope of the 
mountain side and the size and depth of the ditch, the sloping 
of the upper bank to a slope of 1 to 1 required considerable 
excavation. However, the finished product is a most permanent 
piece of construction. The flume is of the standard bent and 
stiinger construction, the bents being placed 16 ft. apart, and a 
strip of burlap saturated with an asphaltum compound is placed 
under the battens for waterproofing. 

At the penstock a regulating reservoir is excavated in the 
side of the mountain. A small portion of the upper end is 5 ft. 
deeper than the balance of the reservoir and is used as a sand- 
trap. The reservoir is 12 ft. deep, 350 ft. long and of an irregular 
shape, varying from 12 to 125 ft. in width, following the contour 
of the hill. The side slope is i to 1, and it is lined with 8 in. of 
concrete and J in. of plaster. A concrete wall at the end separates 
it from the penstock. 

The reservoir has a capacity of 175,000 cu. ft., which will 
operate the plant 1| hours at normal load. Therefore, in the case 
of a break in the flume, sufficient time will be available to start 
the steam auxiliary plant without interruption of service. The 
reservoir also has sufficient capacity to regulate the daily fluctua¬ 
tion of stream flow during the low water period, so that the 
highest use may be made of the water. The static head is 
1,135 ft., and the whole plant is designed with a view of ulti¬ 
mately doubling the present capacity. 

The power house equipment consists of two 1,000-kw. units 
with overhung wheels, Lombard governors directly actuating 
needle nozzles, an auxiliary nozzle being provided which auto¬ 
matically opens in the event of the main needle nozzle closing too 
quickly and ramming the pressure pipe. These auxiliary nozzles, 
when opened, close at a predetermined speed regulated by the 
dashpot principle. This arrangement allows the most economical 
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use of the water. Two exciters, each of sufficient capacity for 
both generators are installed, one being driven by a water wheel 
and one by an induction motor. Seven 400-kw. water-cooled 
transformers are placed in the transformer room on one side of 
the power house, one transformer being held in reserve. Light¬ 
ning arresters and high-tension switches are in a separate build¬ 
ing. 

The power house building and arrangement differ from the 
other plants in several respects. The power house is constructed 
of ferroinclave on a steel frame, the ferroinclave being plastered 
on each side with IJ- in. of cement plaster, therefore making a 
reinforced concrete roof and sides 3 in. thick. A partition of the 
same thickness divides the generating room from the transformer 
room and a similar partition divides the transformer room into 
two compartments, fireproof doors completing the separation. 
The switch house is constructed of the same material, and both 
buildings have metal window casings and wired glass windows, 
no wood being used in the construction. The above may seem 
inconsivStent after the statement that the other power house 
structures were practically sufficient, and this would be the case, 
were it not for the fact that the transformers which present a 
certain fire hazard are placed in the power house building. Also 
the company has passed the iDioneer |>eriod, and can, conse¬ 
quently, afford a little more permanent construction. 

The switching gear and wiring has been greatly simplified by 
connecting the transfoimiers in two banks, the spare one not being 
connected. The transformer “ railway system is also dis¬ 
pensed with simple rollers being provided instead. In the event 
of an accident to one transformer its bank may be disconnected, 
the leads removed from the affected transformer, water pipes 
disconnected and the transformer skidded to one side. The spare 
transformer can then be skidded into place and connected up 
and the entire job performed in about one hour, certainly a 
short enough time for a system of this character. 

In connection with all of the 'power stations, the question of 
the operator’s comfort has been given proper attention. From 
a practical business point of view, this is a paying investment, 
as a much better class of men can be procured. Comfortable 
cottages are provided, the surrounding grounds are cultivated 
and a small ice plant is a part of the standard equipment. A 
few fruit trees and a garden will not only greatly improve the 
looks of the property, but will also greatly reduce the boarding 
house expense. 
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Transmission System 

As shown in Fig. 1 the transmission system is in the form of a 
figure 8 or a double ring. In this way current is available at 
both sides of any sub-station, thereby giving all of the advantages 
of duplicate lines. The main transmission line from power 
houses Nos. 1 and 2 feed in at the northeast corner of the system 
and the line from the Tule river plant feeds in at the center of 
the system. The steam auxiliary is in the northern ring and 
can consequently feed both ways. The old transmission lines 
have wires spaced 36 in., the sawed redwood poles being spaced 
120 ft. apart. The new transmission lines in the valley consist 
of a double circuit, the 34,000-volt lines being placed on one side 
of the pole and a 6,600-volt distributing line on the other side. 
The circuits form equilateral triangles, the apex of which point 
downward; the wires are spaced 36 in. apart on each circuit. The 
main line from the Tule river plant consists of one circuit, the poles 
being of cedar 35 and 40 ft. in height and spaced 300 ft. apart. 
On all new lines a pole spacing of from 300 to 420 ft. is used, with 
35- and 40-ft. poles, depending on the character of the country. 

The current is distributed from 12 substations situated in the 
various towuis and settlements, and the transmission and dis¬ 
tribution systems are laid out to provide for additional substations 
as the load increases. The substation construction varies, all 
but one having started in the same way, namely, as a cheap wood 
or galvanized iron building with the most simple switching 
apparatus, and, as the substation grows in importance, sub¬ 
stantial brick buildings are constructed with more or less 
elaborate switching gear, storerooms and offices. 

The power is distributed at 6,600 volts and 2,200 volts, two- 
phase, the first distributing being at 2,200 volts; 6,600 volts 
eventually proved more satisfactory on the power circuits. The 
city lighting systems distribute at 2,200 volts, two-phase, with 
the exception of two new systems, where three-phase has been 
adopted. There are 246 miles of 6,600-volt line, 53 miles of 
2,200-volt line, and 28 miles of lighting circuits of 2,200 volts 
and about the same length of low-voltage line wdth a connected 
load of 1,190 kw. of lighting transformers. The consumer sup¬ 
plies the secondary transformers fcir power supply and the power 
is measured on the primary side of these transformers. 

Effect op Power Pumping on Land Values 

While some exception may be taken to the statement that the 
development in this section is due almost entirely to the applica- 
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tion of electric power for pumping purposes, it is, at the same 
time, believed to be the case, and this seems to be proved by the 
land values where pumped irrigation has been established. 

Unimproved lands lying south of Porterville sold in 1890 for 

from $5 to $7.50 per acre, in 1900 for $10 to $15 per acre, and in 

1909 for $60 per acre and higher. Lands north and east of 

Lindsay, which sold in 1895 to 1900 at from $35 to $40 per acre, 

now sell at $150 per acre. The assessed, values of two sections, 

one three miles north-east and the other one mile west of the 

town of Lindsay, show that in the first instance the assessed 

value was $14 per acre in 1890, $36 in 1899 and $91 in 1909, and 

in the second instance $19 in 1890, $36 in 1899 and $117 in 1909. 

The above figures represent about the average conditions, there 

being many cases of increase where the figures have been greatly 
exceeded. 


Investment Value of a Power Irrigation Project 
The application of a hydroelectric system exclusively for the 
ms m^^ of power for pumped irrigation from an investment 
point of view is not of the get-rich-quick variety. The investor 
W 0 wis es to receive immediate results on his money should not 

-f-i? T such scheme, unless the power company owns 

^ e lands to be put under irrigation, when the project develops 

WhP^ transaction, the power part being insignificant. 

U confined wholly to a power proposition, it 

e gone into only by the most conservative investors or 
developers and pioneers who are content to bide their time and 

mealed TtP dividends, but with the in¬ 

creased value of their investment. The power company must 

indirectly meet the opposition of other irrigation districts, and 

the large government projects, as well as the opposition of 

gasoline engines and other power, and' the charp-ec; for * 
must be as low as possible. ^ for service 

The territory served is sparsely populated at the start and 

pL^'neeU whoSa ° b'" few scattering 

and the marheb ^ be using gas or steam engines and windmills, 

ratel^ wSrh S^f entirely on the 

tion cultiva¬ 

tion, and this IS a slow process. To support a project of anv 

magnitude requires an immense territory, and in the earlv 

or ten°mile''f°^T''^ unusual to construct a line five 

any part o/the t °.yPP^^ ^ motor of as many horse power; for 
any part of the terntory must be supplied regardless of its loca- 
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tion with reference to existing lines, and everything must be 
done to encourage the development of the entire territory taken 
as a unit, and, for the first few years, even though the territory 

is settled rapidly, it can not be hoped to make the power project 
pay. 

The power company after a few years should show a profit 
above interest charges and operating expenses, but for every 
dollar earned several more must be expended on extensions, and, 
while it is true that, after the system commences to show earnings 
a great many extensions may be taken care of by bonds, these 
always require a certain amount of money to be provided by the 
company. If the development is rapid the stockholders are 
often requiied to subscribe additional money aside from the 
earnings, and must in many cases content themselves solely 
with the increased value of the property. The increased value 
of the property may be large and the investment, as far as se¬ 
curity is concerned, be of the finest, as it usually is; but in this 
day of progress and quick returns on investments it is rather 
difficult to find many investors who are content to wait a genera¬ 
tion before receiving any actual cash returns, on their money, 
no matter what the company’s books may show as to earnings 
or as to increased value of property. 

When the system is fully developed and loaded the dividends 
t)e large,, and the reliability and permanence of the market 
will often place the stock almost on a bond basis, and in this 
way a carefully planned and developed hydroelectric system for 
the supply of power for pumped irrigation may be considered a 
splendid investment, but never in the light of a speculation. It 
must be clearly outlined at the inception of the enterprise just 
what is to be accomplished, for it is a long job and one which re¬ 
quires a great deal of looking into the future. 

The final results must be arranged for years before they are 
obtained and everything shaped to this end. A desire to hasten 
the marketing of the power may set some precedent which would 
be most difficult to overcome, and the failure to provide for 
emergencies may undo the work of years and completely de¬ 
moralize a system. An overloaded system is to be particularly 
guarded against, as too much valuable produce depends en¬ 
tirely on the service, and any damage to the producer may com¬ 
pletely stop development and stifle the entire community. The 
power company, therefore, has a very large moral responsibility 
to face, which is not to be lightly considered. 
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Discussion on '' Hydroelectric Power as Applied to 
Irrigation San Francisco, Cal., May 6, 1910. 

President Stillwell: The possibilities opened up by the ap¬ 
plication of electric power to pumping water for irrigation in 
California, are obviously very great. A recent publication by 
the United States Geological Survey estimates the available 
water powers of California at 7,000,000 twenty-four hour horse 
power. Assuming twelve tons of coal per horse power per 
annum in 24 hour service, that power would require for its pro¬ 
duction by steam, 84,000,000 tons of coal, which happens to be 
approximately equal to the anthracite output of the coal mines 
of Pennsylvania. So vast an output of power, if utilized in 
manufacturing, would supply a very much larger power 
market than even California can hope to develop in many 
years. It is peculiarly interesting that many of these powers 
exist within practicable reach of land requiring water for 
irrigation. 

A paper which was read at the recent Irrigation Congress at 
Albuquerque' by Mons. Tavernier, Chief Engineer, Department 
of Public Works, Republic of France, deals with this subject 
and its conclusions are particularly interesting when considered 
in the light of similar experience by Mr. Hays and his company. 
Mqns. Tavernier reaches the conclusion that even considered 
from the standpoint of power economy, it is frequently not more 
expensive to use water power to operate dynamos, which in turn 
operate motors lifting water by pumps to the land which re¬ 
quires irrigation, than to distribute water by ditches. According 
to his figures,, the efficiency of the two processes in many cases 
is practically identical. 

E. W. Paul: I would like to ask Mr. Hays in regard to his 
table given in his paper. I don't quite understand it. He 
has a plan here of eight and ten acre groves, ten years old, and 
to irrigate that requires a two h.p. motor. The experience of 
farmers in the south, with which I am familiar, is that they 
do not want to irrigate one row of trees at a time, but they want 
to flood the whole orchard at once. This requires considerable 
water. I do not think that a two h.p. motor would do that. 

I would like to ascertain whether-they do irrigate the entire 
ten acres, or do they sit up all night changing the water from one 
row of trees to the next. I would also like to know if the company 
with which he is connected requires the motor to be taken off the 
line on the peak load, and if it does, how they overcome his 
objection to that feature. 

J. C. Hays: The two h.p. motor is correct. Some of them 
have small reservoirs which will hold the water, and they run 
that motor continuously 24 hours, and they do irrigate probably 
ten or twelve rows a day from this little reservoir made of dirt, 
in some cases, they irrigate a very few rows at a time as they 
go across their orchard, and they figure that this flat rate will 
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keep them all the time.' This dry bog country has to dry out 
before they can cultivate it. As to taking the motor off on the 
peak load—as irrigation is the only peak load we have, they work 
all the time. 

F. V. Henshaw: Mr. Hays describes an electric power system 
which was apparently built entirely on a fore knowledge of there 
being sufficient underground waters to enable the plant to get 
its business by pumping for irrigation, and presumably before 
going into this project, the extent of those waters was very 
carefully determined. I think it would be interesting to learn 
from Mr. Hays the extent to which the underground waters of 
the San Joaquin Valley have been examined, and whether to¬ 
day it is known that there is a sufficient supply there, in all prob¬ 
ability, to irrigate all of the land that cannot be covered by sur¬ 
face waters by gravity distribution. Another point occurs to me, 
regarding the cost of construction; Mr. Hays says: If constant 
service is not absolutely necessary, what possible type of con¬ 
struction can compare with the flume?” I take it that the 
flumes are built very light, and the point is as to how long an 
interruption the farmer can stand under extreme conditions. 
We will say an orange grove, which is at a point where it needs 
the most water—how long can it be without water without 
serious damage. 

J. C. Hays: I do not know the extent of the underground 
waters in our state. I have read several papers and reports 
on the subject but believe that the only way we can tell is to 
pump. 

F. V. Henshaw: I thought you had been doing that. 

J. C. Hays: Well, we have in some places. But you can 
hardly call that conclusive. We have been pump‘ng in one 
district for ten years, and apparently the supply of water is not 
diminished. So t naturally looks like there is something there. 
The water shed of the valley is large enough to take care of the 
underground waters, and the formation of the deltas in these 
rivers is of such character on the east side that the water percolates 
very slowly. On the west side, I understand, there is a different 
condition where the water flows out very fast; consequently, 
we are liable to find variation in the wells, but there is a very 
little variation in the wells on the east side. 

F. V. Henshaw: Did you find any wells that had a flowing 
head? 

J. C. Hays: Yes, in what I call the valley portion. But 
artesian wells are not considered very good for irrigation. I 
personally do not know much about that subject, but I do know 
that there is sulphur, ot something deleterious in the water, 
and I know of one peach orchard that was killed by it. As to 
the subject of the flume—I don’t know just how long an orange 
orchard could go without water. They claim in that country 
that if they do not irrigate for about two weeks in a very hot 
season, the trees commence to show it. Most of the growers 
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claim that they can look at the trees and tell when they need 
water. 

An interruption on the flume or the line, for instance, would 
not amount^ to over 24 or 36 hours, possibly 48 hours, and 
an interruption of that length would do no damage. Of course, 
during certain portions of the year, landslides cause some 
damage, but I do not remember of any landslides occurring 
during the irrigation season. They always occur in the winter 
time, and never during the irrigation season. 

^ H. Homberger: The Mount Whitney Power Co.’s system 
IS of particular interest to the hydraulic engineer, being a power 
system where 80 per cent of the power is generated hydraulically 

power used for pumping. How entirely 
different the conditions are from those of the average commercial 
plant with a mixed load, has been most ably and clearly explained. 

i here were a few points mentioned which I should like to be 
lurther enlightened upon. 

First, the question of high price permanent construction as 

temporary construction. It was 
stated that engineers of prominence have broadly condemned 
he wooden flume and the wooden pole line as compared with 
the tunne. and steel towers or reinforced concrete poles. wSuch a 
stand can only be explained by entire disregard of special con- 
aitions; there is no greater danger n eng'neering than unwar¬ 
ranted generahpng of principles of construct bn and wrongly 
applying what IS good in one case to some other case where it 
might not fit in at all. Personally I am not in favor of wood as 
cons rue on material and would rather see an inorganic ma- 

T ^ remarkably long life for a 

^ think not to stand alone with the statement that 
nea.rer the average. Similar are the conditions with 
seems to me, however that generally too 
difference in first cost and the fact 
considerable expense is con- 
of s patrolling and maintenance 

hefd^orthi reservoirs were mentioned at the 

the Tide Rivp? pf.®’ the reservoir of the latest plant, 

olant U efficient capacity to operate the 

ft holds out ralv Keweah No. 1 station 

19 mWes whirf ft Keweah No. 2 even less than 

• .Lv L certainly of little value in case of trouble 

iwi resfwoS ihftaTedT^ l^tSr 

tions ImTe w’ fluctua- 

fuH load for 24 hU, ,Kch is-priS^tte 
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pumping season, as shown in the daily load curves Fig. 4. 
Maybe I d'd not understand this correctly and I should' be 
thankful to have it explained. 

Third: With an average load factor of 50 per cent the fixed 
charges on a hydroelectric plant must be quite high, and with 
the stated low rates for power it would be interesting to know, 
whether a large capacity steam p ant to be operated during the 
irrigating season would not make a better financial showing than • 
an _ additional hydroelectric plant with ten miles of conduit. 
This might be advantageously located in the Coalinga oil field 
region, only about 10 miles distant from Visalia, as it might prove 
niore economical to ship current by wire than oil by rail or 
pipe line. 

L. Jorgensen : In general the hydraulic conduit is the weakest 
link in power transmission for the reason that, from a fin ancial 
standpoint, it cannot be installed in duplicate. Therefore, on 
systems with only one or two power plants it is most important 
to have this link well_ built. Tunnels are not the only safe con¬ 
duit, but concrete pipes completely buried are in most cases 
just as safe, cost only half and require less grade, due to their 
better hydraulic shape. It is true that a flume costs only about 
half as much to build as a concrete conduit costs to install, 
but, if the depreciation, maintenance and interest on the in¬ 
vestment are taken into consideration, their cost will be the 
same. Then the question of whether to use a wooden flume or 
a concrete conduit is simply a matter of whether the greater 
amount of money required to cover the first cost of the concrete 
conduit will balance against the additional safety connected 
with the use of a buried conduit. How tunnel compares in 
cost with either wooden flume or concrete conduit will depend 
upon how much of a short cut it makes. The first cost per 
linear foot may be four times that of a'flume of the same carrying 
capacity, but a flurne or concrete pipe line must follow the 
contour of the hillside, whereas a tunnel cuts through the 
hills. 

Where the country is flat and otherwise adapted for ditch 
construction, ditches will be the cheapest, as maintenance cost 
is lower than for flumes, and depreciation is practically zero. 
Wooden stave pipes will accomplish the same as concrete pipes 
and have a lower first cost. If buried they are protected against 
rolling boulders, frost, etc., but their life is very short and re¬ 
pairs are difficult to make. Taking it all in all the concrete 
conduit does not seem to be as extensively used as al its good 
properties should warrant. 

E. W. Paul: I would ask Mr. Hays if, on some of these 
circuits running to pumping plants, he has made any provision 
on the customers’ premises to take care of the motor in case the 
current goes off the line, that is, as to voltage switches, and also 
how he even gets farmers to sign the contract described, with 
the conditions .mentioned in his paper? 
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Ralph W. Pope: I am familiar with the territory where 
this plant is situated that has been developed for the raising of 
oranges. I was there twenty years ago when most of it was 
devoted to the production of wheat. At the time this plant started 
or a little earlier, the soil had deteriorated owing to continuous 
wheat cropping. I understand from the author that the soil was 
exhausted only about four or five inches down, so that orange 
culture is now pursued with great success. Referring to Mr. 
Henshaw’s inquiries in regard to the pumping, I understand 
that pumps were formerly operated by windmills or gasolene 
engines, and that wells had already been dug, so that the ques¬ 
tion was not whether water could be got there, or not; because 
it had already been obtained. 

There are certain tracts however where the water cannot 
be reached by digging or boring. The only value pertaining to 
such land is the possibility of selling it to eastern tenderfeet, 
which is another source of revenue not mentioned by the author. 

In regard to the light construction of this plant, it must be 
remembered that at the time it was started, while having the 
water power, something like 7000 h.p., I believe that the question 
of a market was rather problematical, and ordinarily that is 
one of the most important questions to be considered in de¬ 
veloping a water power plant. It was for this reason that the 
cheap construction was used in this particular instance. Those 
of you who are familiar with railroad construction throughout 
the country, know that in early days the construction was 
frequently of a very cheap character in comparison with what 
it is to-day. Railroads at that time were an experiment, but 
as the importance of proper construction developed, and re¬ 
building was undertaken it was found advisable to strive for 
permanency. This paper indicates that it is a long, slow process 
to develop an enterprise of this kind, but when it is permanently 
established it becomes an attractive investment, if you can find 
a territory where these conditions prevail. In Utah, I think 
they need something of this kind, as they have used up about 
all the water power that is available in that state. 

Markham Cheever : Answering Mr. Pope’s inquiry regarding 
the conditions in Utah, underground waters occur in large quan¬ 
tities in the fertile valleys of Utah Lake and the Jordan River, 
and artesian wells are numerous. However, this water is not 
used for irrigation to any great extent. 

Utah Lake is one of the largest bodies of fresh water in the 
West and forms a natural reservoir from which the canals of 
the Jordan River Valley are supplied. As the lake level lowers 
during the summer, the outflow is maintained by means of 
large centrifugal pumps. Several projects involving the pump¬ 
ing of water to land lying at a considerable elevation above the 
lake are contemplated and one is now in operation. While 
hydroelectric power is used or proposed for all these pumping 
propositions, the load is not as satisfactory to the power pro- 
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ducer as that of the project described in the paper, on account 
of the much shorter irrigation season in Utah. 

F. V. Henshaw: I would like to add one word, that this mat¬ 
ter of underground water is a very essential thing to anybody 
contemplating- going into an enterprise of this kind. I can say 
positively that in some parts of Colorado, the subject has been 
very thoroughly investigated and the water is not there. I 
would like to tell you where, but am afraid it would hurt the 
feelings of some “ eastern capitalists.^’ 

A. J. Bowie Jr.: This load curve is different from any others 
I have seen in that there is no peak in the evening. This is of 
interest in matters of irrigation, since the value of the power 
which can be supplied, of course depends on the nature of the 
load curve and how the power is used. When the peak comes 
in the evening the power company can afford to supply power 
very much cheaper to the farmers who will shut down at that time. 
The oad for irrigation differs from other types in that it is possib e 
that suitable arrangements may be made to cut it off for a few 
hours a day without suffering serious inconvenience. This is 
particularly true where small reservoirs are used, reference to 
which has already been made, and the value of these reservoirs 
I consider of very great importance in the problem of irrigation. 
These reservoirs should hold about a day’s supply for the 
farmer, who by that means is enabled to employ his water 
at such hours as are most advantageous. If his pumping 
station is small, he may use his entire supply in a few hours, 
instead of having to devote the entire day to the use of water. 
These reservoirs constructed of earth, are used in a great 
many parts of the country, and sometimes they are lined 
when the earth is unsuitable for holding of water. One form 
lining consists of coal tar, lime, and sand, spread on half an inch 
in thickness. I-have also seen this lining applied where the 
reservoirs without it would not be able to hold water. 

These reservoirs cut down very materially the size of a plant 
which it is required to install, as well as the corresponding 
additional investment and they avoid all night irrigation. 
The economic consideration of irrigation requires a suitable 
proportioning of the various items of expense which make up the 
cost of pumping, which may be segregated as (1) the cost of fuel 
or power, (2) the attendance and (3) the fixed charges, as well 
as the cost of applying the irrigation water to the land. The 
sum of these charges should be reduced to a minimum. In 
irrigating plants the depreciation is generally high. I think, 
allowing for all fixed charges, 20 per cent, would often be a low 
figure to cover interest and depreciation repairs and renewals. 
It is not unusual in countries where fuel and labor are cheap to 
find the fixed expenses exceeding the other two expenses. A 
small reservoir would avoid this and be a considerable saving 
in this way. 

In Southern Texas the average depth of irrigation water used 
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annually was 2.7 feet'for all crops, while for alfalfa it was 
5.7 feet. The efficiency of most of the pumping plants in that 
country was exceedingly low. That would apply to any country 
where plants of a similar type were employed. The cost of 
pumping an acre foot of water one foot high was four cents, and 
as the power to raise an acre foot of water one foot high is eoual 
to about one water kw. hour, this would amount to about 
4 cents per water kw. hr. This is an average of course. 

It may be ^of interest to you to know that we have Quite 
a little irrigation in the Eastern states for truck gardens. The 
depth of water employed there depends on the source of supply 
and the cost of obtaining it, and varies from four to eight inches 
per year Many farmers are using city water irrigating to an 
annual depth of about four inches. This costs for water about 
^ o per acre per year, where as when pumped water is used, 
about twice the depth is used at the same cost per acre per year* 
Ihe average increase in crop values per acre due to irrigation, 
and allowing for wet and dry years, is about $200 per year over 
and above all expenses. In other words this, is the average net 

farmer from irrigating. Of course that is large, 
u e crops raised per acre are of great value, in some cases 
going as high as $1500 per acre per annum, so that it does not 
ta]^ very long even m a wet year to make a substantial gain. 

^ ¥5- Hays’ excellent paper has been 

^ ^ misunderstood with reference to the cost of this Mt. 
Whitney plant. We must bear in mind that that was one of 

plants to be built, and was considered at that 
time the most thorough and best construction that could be done. 

th be done at 

yat time The cash was raised in advance and everything 

rateSr'himeTr^^’ f “ practically at the lowest 

rate per horse power of any plant that could be built. The type 

becS?fi7wfl‘^7b7h® adopted as temporary, but simply 

deaHn ?pi7r=l,v ^bat date. We rnay 

We ciinot cS question of the hydraulic conduit 

mif 75 wi!y ^bat the flume or tunnel is cheaper or better 

wo^^W^TS S'nnnlong, and a tunnel 
Se andtherlfor^-? ’ '^be flume is not of large 

cost: Mdt fe’coM fa 

SLmS lamer ^ funnel 

SnSL ofth^,o ff We cannot 

ftself so tbit f+f f be flgured out for 

long iL ofaXf f f r- P^“* f^^°^^ble for ?Se 

Callomif ii fbf t bfe of a flume in 

becomes so very great thaTit’f its cost of maintenance 

must b ^ senous tax. Then, again, we 

must consider the character of the country we are coinv throuo-b 

s^tuxuiy wnere tne slopes are gradual, then it is all right 
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for flume construction. It is purely a case as to whether we shall 
adopt a flume, or a ditch, or a tujinel, and that depends upon the 
country, upon its size, and also as to whether a combination of 
the two shall be used, using a flume where it is more difficult, 
and then using an open ditch where it is more favorable. In 
southern California we have wooden flumes that are now being 
replaced with reinforced concrete flumes. I will close by saying 
that I think some of the members have gained a wrong im¬ 
pression of the Mt. Whitney Company. It was started in 
1898, and that is ancient history now. 

F. G. Baum: Mr. Hays gives some interesting data relative 
to the method of making power contracts for irrigation service, 
which should be of use to other companies in similar service. 
His remarks on the character of the contracts to meet the needs, 
and also his remarks on the character of the construction to give 
the service, illustrate the principle that “local conditions’" 
must be taken into account whenever one goes into new prob¬ 
lems or attempts to criticize the work of others. 

To say that timber face dams, wooden flumes, simply equipped 
power houses, wooden poles and simple substations are always 
wrong, and that concrete dams, elaborately equipped power 
houses, steel towers and elaborate substations are right, only 
emphasizes the fact that the man making such statements does 
not take into consideration all the facts. Very often we do not 
build more permanently for the very simple reason that the 
money is not available. One builds a house generally to suit his 
needs and his pocketbook, and a man is not a fool for building 
a frame house instead of a brick house. We have ferry boats to 
go over the water before we have tunnels to go under. We 
crawl before we walk. 

As I stated in a paper “ Some Power Transmission Economics ” 
at the annual meeting of 1907: “In designing power trans¬ 
mission systems, it is always well to bear in mind that the ulti¬ 
mate development of the art and of the country has not yet been 
reached. 

“ In the early days of railroading, the roads and equipment 
were not of the present trunk-line standard. Light rails, en¬ 
gines and cars, and unfenced right-of-way, and unballasted 
roadway sufficed. To construct, at that time, up to the present 
standard would have meant bankruptcy. Even now the man¬ 
ager or engineer, who would build his branch lines of the same 
standard as his trunk lines, would invite a receiver to take 
charge of the road. 

“ The same conditions hold true for power plants and trans¬ 
mission lines. The wise manager or engineer builds to meet 
existing conditions, looking into the future as far as he can. He 
cannot aflord to build duplicate plants and lines for every case, 
nor build all his lines on private rights-of-way with steel towers 
and other refinements and safeguards. He cannot afford to 
build a duplicate transmission line, at an additional interest 
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cost of $5,000 per year, when the probability of an interruption, 
which will cause a loss of revenue of $500 per year to a con¬ 
sumer, is extremely remote. 

It may not be as difficult to determine the proper power 
station and line to build when unlimited capital and ideal power 
conditions exist as when there is restricted capital, limited revenue, 
and low-priced power at the consumer’s station. Although 
in the latter case the amount of money to be expended may be 
much less than in the former, even more thought is demanded of 
the engineer; for in the former case, having ample resources, he 
builds as best he can, while in the latter he must be a judge of 
conditions and see far ahead, in order that the work which he 
builds may earn money and at the same time be capable of 
extension on some plan to meet the growing needs of the country 
and business. 

On the hydraulic construction and also on the power house 
and substation installation and construction, the engineer is 
required to devise something that will pay the largest net income 
in a given number of years. Sometimes he is called upon to 
make installations on the assumption that the plant is to be 
abandoned in a few years.* Of course, the engineer will be 
criticized if he puts in a plant to meet present or apparent future 
needs and, due to some change in the industry or development 
of the country, the plant must be remodeled later. But it is 
the business of the engineer to solve his problems as he sees 
them.” 

Much more^ might be said along the same line to illustrate 
that construction which may be right for the New York Central 
R.R., or in the city of New York, may not be right for the 
Tonapah & Tidewater, or the town of Tonapah. 

Engineers must fight the tendency to build monuments ” 
to themselves. Many of these monuments ” mark the death 
of a corporation.” 

Mr. Hays: As to the stream flow and the different reservoirs 
at power house No. 1, no provision was made for a regulating 
reservoir when the plant was first constructed, but afterwards, 
as the load was built up, we found that we had a slight peak; 
that was back about five years ago, before these curves showed, 
and we built a little reservoir there with the idea of carrying over 
the peak load, and as small as that was, it served its purpose 
very well. On the No. 2 plant, I don’t know why that reservoir 
was put there, it was probably just put there for good measure, 
and probably because it was a good place for one. 

On the Tule River plant we took the matter up carefully 
as to what size reservoir we should build. We compared the 
daily load curves with the daily curves of discharge of the river 
during low water periods and while the stream flow varied to quite 
an extent during the day it happens to coincide with the load 
curve. For instance at the height of the peak in the morning the 
stream flow was greatest and fell off in the evening with the load. 
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consequently very little if any reservoir capacity was required. 
The reservoir was therefore built to take care of the fluctuation 
of the river assuming that the most unfavorable conditions were 
encountered or that the low water flow would occur at the time 
of peak load. Also the reservoir has capacity to run the plant 
until the steam auxiliary may be brought into commission, in 
case of accident to the flume. 

As to the permanency of construction, of course in a case 
of this kind we are dealing with simple units starting from 
the motors right up to the power house. The average size 
motor on the system is a 7^ h.p.—you might say that we were 
doing a peddling business. The old No. 1 flume that Mr. Doble 
spoke of was put in for an economical reason, it was far cheaper 
to put in the flume than a ditch or a tunnel. The flume has 
been in there for twelve years, and, apparently, with the ex¬ 
ception of being water-stained, it is still in good shape. It 
looks as though it had about ten years more life left in it, and 
there is no maintenance to speak of required on it. 

On the No. 2 plant we have put in a concrete ditch. On Tule 
River plant we have run in a concrete ditch where the slopes 
would permit. We also, in that plant, have gone further than the 
ordinary concrete ditch and do not rely at all on the concrete or on 
the strength of the bank, the high water level in the ditch being 
]ust six inches above the ordinary surface of the slope of the hill. 
Those improvements that we have put in will eventually double 
the capacity of the plant, when this ditch and bank have settled 
down. Also, there are two very long stretches of flume on the 
Tule River, which some day can be cut out by putting in a tunnel. 
That flume is of pine, not of redwood, and probably will not last 
as long as the old No. 1 flume, which has been in use for the last 

fifteen years. 

I don't think that economy could be said to figure in on 
any one thing with the exception of the main power line and the 
distributing system. They are all light stufl, all light poles, 
and they last very well in that country. As to the steam plants 
taking care of the peak loads, I believe that when the system 
gets a little larger by increasing the capacity of the present hy¬ 
draulic plant and in carrying over the peak load by steam, that 
it will work out all right. Roughly, I have figures on it when the 
plant gets about twice its present size. We have always con¬ 
sidered the present steam plant, simply as an auxiliary. I 
is a pretty heavy investment to use for that purpose, but as 
mentioned in the last part of the paper, the company has very 
much of a responsibility. We have a very large communi y 
depending upon a comparatively small power system, and ii 
some accident should put a generating station out of busmess 
for a year, it would seriously interfere with a crop. You have 
to keep some auxiliary ready for all einergencies. Lhtle in¬ 
terruptions do not make any difference. If the 
Electric Company should have its lights go out for fifteen min- 
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utes between six and seven o’clock at night, it would be a serious 
matter. For ours to go out between six and seven at night about 
half of one per cent of the consumers would pay their bill next 
month and make a “ kick ” about it. 

As to the protection of the motors: That has been one of the 
things we have been trying very hard to arrange for, and 
the only practicable apparatus we can furnish is just a straight 
circuit-breaker, so that when the current goes off, the 
motor stops, and when the power comes on again, it will 
trip the circuit-breaker. The average farmer objects to even 
putting that protection on. All he wants is a fuse. In fact, 
last year some of our consumers held an indignation meeting 
because they understood we were obliging them to put on circuit 
breakers, and they said they would not do it. They held a 
meeting, and decided that we were trying to get $36 more out of 
them and they would not stand for it. In fact, we had more 
trouble with them about that, than we have with them about 
the contracts. We get them to sign the contracts, sometimes 
they object, but the contract is absolutely fair. We have to give 
them a cheap rate, but we work on practically a cash basis. The 
penalty of one per cent per month provided in the contract is 
no joke. We actually enforce it, and yet it is not an unusual 
thing for a man to wait until the end of the year before he pays 
his bill. Some consumers prefer to pay that one per cent per 
month interest, and so we allow them to wait until the end of 
the year. 

In operating a pump station I don’t know of a single instance 
in that section where labor costs have been counted. A man 
generally does the work himself, oils up his pump and looks at 
his motor about twice a day, goes down into the field, and if the 
water stops he goes back and finds out what is the matter. 

As to the secretary’s reference to the underground water, I 
will say that I do not know of any cases in that section where they 
have dug for water and did not find it. Some of the growers 
tried to go up too far into the mountains and there were some 
wells there that were abandoned after they struck rock, bed 
rock and granite, and some of them, I presume, never would 
have reached water. 

We have something better for the eastern tenderfoot than the 
dry lands. We have the white ash” land, or that which is 
generally known as alkali land down there, and that sells very 
well to easterners, and there is more profit in it. 
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PARALLEL OPERATION OF THREE-PHASE 
GENERATORS, WITFI THEIR NEUTRALS 

INTERCONNECTED 


BY GEORGE I. RHODES 


The difficulty of operating three-phase star-connected gen¬ 
erators, with their neutrals in parallel, was most forcibly brought 
to the attention of the engineering profession when the com¬ 
pany with which the writer is connected attempted to operate 
its plants in that manner. The various phenomena of that 
attempt have been fully described by C. W. Ricker (Experience 
with a Grounded Neutral on a High-Tension Plant, Electric 
Journal, September, 1906) and by the writer (Experience with 
a Grounded Neutral on the High Tension System of the Inter¬ 
borough Rapid Transit Company, Transactions of American 
Institute of Electrical Engineers, Vol. XXVI, Part II, page 1605). 

The subject of neutral currents has been discussed considerably. 
It is generally understood that they are of triple frequency and 
are produced by those harmonics of e.m.f. which cannot exist 
between the lines of a three-phase system. A general review of 
the theory of these phenomena may not be out of place. 

Consider a three-phase star-connected generator (Fig. 1) in 
whose windings e.m.fs. are generated containing triple har¬ 
monics. The e.m.fs. in the coils differ in phase 120 fundamental 
degrees. The third harmonics differ 3 X120 = 360 third harmonic 
degrees; the ninth harmonics, 9X120 = 1080 ninth harmonic 
degrees. The triple harmonics are thus in phase in all three 
coils. Since the potential difference between the outer terminals 
of two windings is equal to the vector difference between the 
e.m.fs. generated in the coils, the triple harmonics being in 
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phase, will disappear. Thus, in a three phase star-connected 
system no triple harmonic voltages can exist between the lines. 

The higher harmonics, other than multiples of the third, are 
not eliminated in the voltage betw^een phases. They appear 
in the same relative magnitudes as in the coil voltages. 

If this generator is connected to a balanced star-connected 
load, currents will flow in the lines of such wave form and magni¬ 
tude that the potential differences between the terminals and 
the neutral point will differ from the coil e.m.fs. only by con¬ 
taining no triple harmonics. There can be no currents of 
these frequencies because they would be in phase in all three lines 
and hence could have no return path. It is evident that there 
will exist between the neutral of the generator and that of the 
load a voltage made up of the triple harmonics generated in the 
coils of the alternator. If these points are connected, currents 



of corresponding frequency will flow. The current in this inter¬ 
connection will be three times the triple frequency current in the 
lines. 

If, instead of a load, another generator is connected to the 
first, a difference of potential will exist between their neutrals, 
equal to the vector difference between their coil e.m.fs. With 
the neutrals interconnected, a current will flow, limited by the 
impedances of the machines to triple harmonics. These im¬ 
pedances are in general much smaller than the synchronous 
impedances. 

If the triple frequency e.m.fs. in the two machines are equal 
and in phase, there can be no neutral potential or current. This 
ideal condition can exist in general only when one or more of the 
following conditions are observed. 

1. Equal instantaneous angular velocities. 

2. Similar wave forms. 
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3. Equal loads. 

4. Excitations corresponding to the loads. 

5. Absence of all triple harmonics. 

In all reciprocating machines the angular velocity pulsates to 
a greater or less extent. It has been found by experience 
that this surging is more troublesome in producing neutral cur¬ 
rents than interchange between the phases. Machines that will 
operate very satisfactorily without neutral connections have 
caused serious trouble when operated with them. The obvious 
preventative for trouble of this kind is more uniform rotation, 
namely, the use of steam turbines or water driven prime movers. 

Machines frequently differ considerably in wave form. They 
may be similar at no load, but differ when loaded on account 
of armature reaction. Attempts to operate generators thus 
differing, have resulted in enormous neutral currents. The 
preventative in this case is careful adjustment of wave forms. 

Generators may have e.m.fs. similar to each other at all loads, 
yet the wave forms at any two different loads may be dissimilar. 
Machines thus operated at unequal loads will show neutral 
voltages or currents. These load differences are easily controlled, 
except in the case of surging mentioned above, so that no trouble 
should arise. At the instant of synchronizing, however, the load 
difference is a maximum and serious trouble may occur. Diffi¬ 
culty of this kind has made the operation of synchronizing im¬ 
possible with several generators on the line. The obvious 
preventative is to close the neutral connection after the loads are 
adjusted. 

Another cause of dissimilarity in wave form is that excitations, 
or field, currents, are not correctly adjusted to the loads. These 
differences are of small magnitude and the neutral currents are 
of no importance under ordinary conditions. They may be 
reduced by a careful adjustment of excitation. 

In all of the above cases the interchange of triple harmonic 
current may be reduced by the insertion of impedances in the 
neutral connections. These impedances may be undesirable 
on account of their size, or on account of the voltage drop in 
case of unbalanced load. The neutral currents may be elimi¬ 
nated by the connection of but a single generator to the neutral 
bus, but this method has its limitations. If more than one 
generator must be operated with a neutral connection, and if 
impedances are undesirable, then the only remedy is to obtain 
machines generating no triple harmonic e.m.fs. 
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It is the purpose of the following discussion to show i eal 

cause of triple harmonics, to indicate a method of 
them, a method of measuring them, and finally to 
certain elements of design which will reduce them to a 
amount. 

General Equations 

In any alternator the field or excitation m.m.f. at arxy point 
in the air gap may be represented by the following eciLxai-t:ton: 


^/=/i sin a+Zs sin 3 ad- ...... +/m sin m oi 

+gi cos oi+gs cos 3 a+ . . . . . H-gm cos m o' 



wsin m a 



cos m a 


where 

= excitation m.m.f. at any point along air gap 


fi, fzj .= coefficients of sine terms. 

gi, g 3 ,.gm = coefficients of cosine terms 


w = index of harmonic. 

a; = angular distance of point from interpolar axis (Fig'- 
It is evident that this equation takes into account a.11 oaisc^s 
where the excitations of the poles are equal, whether the winciiiigs 
are concentrated in a single field coil or are distributed o'voir the 
polar surface. 

A similar equation represents the average value of the na .tni.r* 
of armature reaction of any polyphase alternator, thus 


= sin a+as sin 3 a+ .... .+ansin7^0' 
-i-&i cos (X-\-bz cos 3 ."h cos ?i oc 



an sin n a + 



n cos n a 


where 

fFa = armature reaction m.m.f. at any point along air ga,x3- 
dh ^3, ..... == coefficients of sine terms. 

hi, hz, .= coefficients of cosine terms 

= index of harmonic. 

O'= angular distance of point from interpolar axis. 
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This equation does not take into account the fluctuations of 
reaction which are present in all armatures except the ideal with 
an inflnite number of phases. 

In most alternators a suitable wave form is secured by a greater 
or less variation in the shape of the pole pieces and hence, in 
the length of the air gap. This variation in reluctance at dif¬ 
ferent points may be represented by the following equation. 


K= ±kism a ±kzsm3 a± .i^^sin^^a: 

±h cos a±h cos 3 a± .. ±lp cos p a 



sin p a± 



cos p a 



Fig. 2 


where 

magnetic conductivity or permeance per unit angle at 
any point along air gap. 
fei, ^ 3 , . . . . . coefficients of sine terms. 

h, h, .Z;, = coefficients of cosine terms. 

^ = index of harmonic. 

O'= angular distance of point from interpolar axis. 

In this equation the positive sign holds from q: = 0 to a = T 
and the negative from a = 7r to a = 2ir etc. This change of sign 
is necessary as the permeance must be positive in value at all 
points. 

We now have three general equations representing the varia¬ 
tion in permeance and in magnetomotive forces of excitation 
and armature reaction along the air gap of the ideal polyphase 
alternator. 
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The corresponding flux densities may be computed by multi¬ 
plying the magnetomotive forces into the permeance and re¬ 
ducing to new series. These series are here given for future 
reference. 

No load flux 


/3f = 
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Armature reaction flux 
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where all symbols have the same significance as above, with the 
addition of 

M = index of harmonic in field flux. 

N = index of harmonic in reaction flux. 

These equations may be transformed to represent voltages 
by a method explained in great detail by Comfort A. Adams in 
his paper '' The Voltage Ratio in Synchronous Converters 
with Special Reference to the Split Pole Converter,” Transac- 
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TiONS A.I.E.E., Vol. XXVII, Part II, page 959, and “ Electro¬ 
motive Force Wave Shape in Alternators,’’ Transactions 
A.LE.E., Vol. XXVIII, Part II, page 1053. 

In brief, the method is as follows. A single conductor passing 
at a uniform velocity through a flux whose distribution may be 
represented by a Fourier’s Series, a wave of e.m.f. is generated 
exactly similar in form. The relative values of the different 
harmonics are the same in the e.m.f. wave as in the flux dis¬ 
tribution wave. If, however, instead of a single coil, a number 
of similarly distributed windings are passed through the flux, 
the net e.m.f. generated is the vector sum of the e.m.fs. in the 
individual coils. This vector sum is less than the arithmetical 
sum by a proportion depending on the angular space over which 
the coils are distributed; the greater the space the greater the 
reduction. In the case of the higher harmonics the angular dis¬ 
tribution of the conductors is multiplied by the index of the 
harmonics. Flence in a distributed winding the relative values 
of the harmonics in the e.m.f. wave differ from those in the flux 
distribution wave. The corresponding reduction factors may 
be obtained from the above mentioned papers. 

Equations for Pure Sine No Load Voltage 

Up to this point the discussion has been very general. The 
equations show that in addition to a third harmonic in the no 
load e.m.f. wave, there may also be a similar harmonic generated 
by the armature reaction. 

In order that there may be gained an idea of the real magni¬ 
tudes of the neutral voltages, it is desirable to assume conditions 
existing in machines which have caused trouble and to compute 
figures which may be checked by actual measureihent. 

These conditions are as follows: 

1. Concentrated field windings. 

2. Armature windings distributed over 60 electrical degrees 

per phase. 

The first condition obtains in by far the greater number of 
machines. The second in most machines of large size, where it 
has been found desirable to use a full pitch winding. 

For preliminary computations, it will be assumed that no 
triple harmonic exists in the no load coil e.m.f. wave of the 
generator; that is, the potential between line and neutral is 
purely sinusoidal. It will also be assumed that the armature 
reaction m.m.f. is purely sinusoidal, as would be the case with a 
machine of an infinite number of phases. 
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We thus have for the iti.m.f. due to excitation, 

±f 

That is the magnetomotive force is uniform over the poto 
bring posii^e briwean «-0 and a-» and nepbve 
from ’a=jrLa-2r. Tbis assumption is not completdy b^e 
out in practice, but it is near enough for purposes of approxima¬ 
tion. 



The m.na.f. due to armature reaction is 

5Fo=ux sin a+bi cos a 

The sine terms represent the effect of 
with the internal e.m,f. and the cosine terms that of current in 

phase with. it. Thus 

sin 0 sin cx ”^-4 i cos <!> cos oc 
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where <jt> = angle between current and internal e.m.f. 

The magnetic conductance or the permeance in the air gap is 
represented as follows: 

sin a 

The field flux is easily obtained as follows: 


The reaction flux distribution is derived by substituting in 
equation (II). 

n = p = l — O and iV=l, 3 

^a = ki -4i sin 0 (0.848 sin a —0.170 sin 3 a.) 

— ki AI cos cj) (0.424 cos a —0,254 cos 3 a:.) 



The relative values and phases of these reaction fluxes are 
shown in Fig. 3. The upper curves show the reaction due to a 
current lagging 90 deg. behind the internal voltage and the lower 
curves that due to an equal current in phase therewith. It 
will be seen that the armature reaction causes triple harmonic 
fluxes of from 20 per cent to 60 per cent of the total. 

Considering the case of a machine running under short circuit 
conditions as represented in Fig. 4, the current lags practically 
90 deg. behind the internal e.m.f. generated by the excitation flux. 
A triple harmonic voltage appears between the neutral of the 
generator and the short circuit point. That portion of the field 
flux of fundamental distribution not required to generate e.m.fs. 
overcoming the leakage impedance drop, is neutralized by the 
corresponding reaction flux. 



774 RHODES: PARALLEL OPERATION [May 5 

We thus have the following relation 

. +0.848 sin (-90°) =0 

-A 5 

f^r 

’• 0.848 Wj 

where X = leakage reactance. 

Xr = reaction reactance. 

Xs = synchronous reactance. 

Under conditions other than short circuit if 
7 = current. 

7^ = short circuit current. 



IXrf 

0.848 Is Xs 


Thus the reaction flux becomes - 


/3 


- ^ osisi (0-848sina-0.170sin 3 a+ 

- - (0-424 cos a-0.254 cos 3 a + 

U.o4o Ji s S 



This may be transformed into an e.m.f. equation by the method 
referred to above, with a reduction factor of for the third 
harmonic. 

If e/ = instantaneous value of internal e.m.f. 

£/ = effective value of internal e.m.f. 
ea = instantaneous value of reaction. 

Ea = effective value of reaction e.m.f. 

(0 = 2 T times frequency. 

/ = time. 


Since 


ef = ^/2 Ef sin co t 


\/2 Ef I Xr sin </) 

e . - (0.848 sin / —0.113 sm 3 

0.848 Is Xs 


V2 Ef I Xr cos 4> 


(0.424 cos 0.169 cos 3 4- . •) 


0.848 Is Xs 
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Since Is Xs == Ef 

ea = 1.18 \/2 I Xr [(0.848 sin w ^—0.113 sin Z o) t) sin cj) 

— (0.424 cos (0 —0.169 cos Z co t . cos ([> 

The magnitude of the triple harmonic voltage may be calculated 
readily from this equation. For instanee, in a machine whose 
load current is one-half the short circuit current and whose 
leakage reactance is negligible, its value, may readily reach at 
unity power factor. 


1.18X0.169 Ef 
- ^ -^ = 0.10 Ef 



With the machine running under the short circuit conditions 
shown in Fig. 5, a triple harmonic current flows in the neutral 
connection. 

The impedance which the armature winding offers to the flow 
of this current is made up of two items; that due to leakage flux 
and that due to reaction flux. It is evident that the leakage 
flux is the same, irrespective of whether the current is of funda¬ 
mental or of triple frequency. The distribution and the magni¬ 
tude of the reaction flux produced by triple harmonic currents, 
differ in a marked degree from that produced by a fundamental 
current. 

If Xi 11 = leakage reactance to third harmonic current. 

: Xrrii = reaction reactance of third harmonic current. 

= total reactance of third harmonic current. 

The leakage flux is independent of the frequency, thus 
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Since the triple harmonic currents are in phase in all three 
armature coils, the reaction m.m.f. has a triple distribution 
corresponding to three times the normal number of poles (Fig. 6). 
This magnetomotive force may be represented by the following 
equation. 




rtiii 


2 


n 


^niii sin 3 7L (X~\- 



bniii COS n a 


The m.m.f. multiplied into the permeance gives the reaction 
flux produced by the triple harmonic. 

Considering only the simple conditions enumerated in the fore¬ 
going computations 

Tfliii = CLi in sin 3 OL-\~hi m cos 3 ol 


— Ai in sin 4>iii sin 3 a—Ax m cos (/)ni cos 3 a, 



where (pm —the angle between third harmonic current and in¬ 
ternal e.m.f. 

K= ±ki sin a 

Substituting in equation (II) w = 3, p = l, l^ = o N=l, 3, 

^aiu — ki Axiii sin (— 0.170 sin a+0.655 sin 3 oc) 

-ky.A 1 in cos (pill ( — 0.255 cos a+0.618 cos 3 a) 

On account of the triple distribution of the m.m.f., the 
magnitude of this flux, is but | of that produced by an equal 
fundamental current. The increased angular distribution of the 
armature windings has a similar influence on the flux as on the 
e.m.f. This increase is from 60 deg. to 180 deg, with a corres¬ 
ponding reduction factor of approximately f. 
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With the neutrals short circuited, the triple harmonic reaction 
flux distribution is 

^aiu= Y ^1 (0.655 sin 3 a) 

An equal fundamental current produces a reactance flux 
distribution 

i3a = Jfei dll (0.848 sin a) 

The relative values of reaction reactances are the same as 
those of the corresponding fluxes, thus 

Xrni _ 2ifeiAiX0.655 
Xr “9 ii'd[rx0.‘8"48 

Xmi = 0.171 Xr 

It will be noted that the triple harmonic current develops a 
small fundamental reaction aiding the excitation. This is 
negligible, however, for a neutral current three times the line 
short circuit current has an effect of only 2/9X0.170 = 3.8 per 
cent of the excitation. 

Summarizing the equations which have thus far been deduced, 
we have for conditions of pure sine distribution of no load flux. 
Triple harmonic or neutral e.m.f. 

e„j= —1.18 \/2l Xr [0.113 sin<^>sin 3 W/-0.169 cosijf) cos 3 wf] 
Reactance per phase for neutral current. 

X,.„=3X+0.171Xr 

Equations for Machine whose No Load Voltage Contains 

A Third Harmonic 

In most alternators there is present at no load a triple fre¬ 
quency e.m.f. which flattens the wave form symmetrically. 
This harmonic thus has a positive value, as referred to the 
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fundamental. The following equations represent the various 
quantities taking into account this no load neutral voltage. 
Excitation m.m.f. 

CF^=±/ 

Armature reaction m.m.f. 


^a = Ai sin (j> sin a—Ai cos (p cos a 
Permeance of air gap 

K = ± sin a ± ks sin 3 a = ± ^sin a+ ~ sin 3 cx^ 
Reaction flux distribution 


1-1 

bo 

00 

1 

o 

• 

1—i 

< 

■ 

^ j sin a 

-^0.170-0.65 

|^)sm3»] 

1^^0.424 + 0.60- 

h\ 

kj “ 

-h 254 -O.il 

f) “] 


Relation between A ^ and 


A^ = 


( 


fiXr 


0.848-0.17—') X 


Open circuit or internal voltage 


Now 




sin 



sin 3 oj t 


) 


^^3 _ 3 Efiii 

k, . 2Ef 


on account of the voltage reduction factor. 
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Armature reaction voltage, 


V2 I Xr 


'a 


0.848-0.25 


X'fiii 


[(»■ 


848-0.25 


-S/in 


^ si 


sin 0 ) t 


^0.113 - 0.65 sin 3 w sin 0 


[(o. 

(o. 


Sfui 


424-0.90 I cos w i 
Ef 


) 


170-0.11 

Ef 


^ cos 3 /J cos c[> 


Third harmonic reaction dux 


/3aiii —ki A III 


[( 


0.170 + 0.97 I sin « 


+ (0.655 + 0.42 -^'4 sin 3 cc sin cf>[i, 


^0.( 

[( 

^0.( 


Ef 


Efiu 


■V • 

I si: 


Ef 


0.255 + 0.17 -1*^ I cos n; 


Ef) 


+ (0.618 + 0.21 cos 3 a cos0ni |- 


Ef 


Total third harmonic reactance 




^0.( 


2 (0.655 +0.42 Z, 




9(0.848-0.25 


Ehu\ 

Ef) 


Summarizing the equations, triple frequency e.m.f. 


^iii— \/2 Efiii sin S oj t 


V2 IX, 


0.848-0.25 


Efm 

Ef 


(o. 


113-0.65%" 

Ef 


^ sin 3 oj t sin cj) 


^0.170 — 0.11 cos Z CO t cos <!> 


(Ill) 
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•^5111 =3 + 


2^0.655 +0.42 

9 ( 0 . 848 - 0 . 25 ^') 


(IV) 


Where 

fiiii = instantaneous value of neutral voltage 
Ef III == effective value of no load neutral voltage. 

.£/ = effective value of no load coil voltage. 

/=load current. 

0 = angle between current and internal voltage. 

= leakage reactance per phase fundamental. 

= reaction reactance per phase fundamental. 

These equations apply to all generators having full pitch coils 
distributed over 60 electrical degrees per phase, with a wave 

form secured by varying the air gap. This type of machine is 
quite common. 


Determinations of Angle Between Load Current and 

Internal E.M.P. 

In all of the above equations for triple harmonic voltages there 
is present the undetermined angle between the load current and 
the internal e.m.f. due to excitation. Referring to Pig. 3 it will 
be noted that the reaction due current in phase with the internal 
e.m.f. is practically one-half that due to an equal current in 

quadrature therewith. Under these conditions the terminal 
voltage is approximately 


P L) - E/ ~ sin 0 -j cos 0 ^ 

If = the angle between the terminal and the internal e.m.f.i 


ip = tan’^ 


/ 

Is 


cos 0 


2 -f- -y sin 0 ^ 


If 0 - the angle between the current and the terminal voltage 
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These equations may be solved to get tp when the load and 
power factor are known. The approximate values may be ob¬ 
tained readily from Fig. 7. In this figure the abscissae represent 
angles between the current and the terminal voltage and the 
ordinates angles between the terminal and internal voltages. 
Negative angles signify that the current lags behind the terminal 
voltage or the terminal voltage behind the internal voltage. 



Measurement of Triple Harmonics 

In the foregoing discussion it is assumed that we have a means 
of measuring the no load third harmonic. The method is as 
follows. (Fig. 8). Connect three transformers with the 
primaries in star and the secondaries in delta. The triple har¬ 
monic necessary for the magnetizing currents cannot flow in 

























782 


[May 5 


RHODES: PARALLEL OPERATION 


the lines; they appear as circulating currents in the delta wind¬ 
ings. The delta connection also equalizes the voltages on all 
three transformers, so that the neutral of the primary connec¬ 
tion is the true neutral of the system. A voltmeter, either alone 
or with a potential transformer connected between the trans¬ 
former neutral and the generator neutral, will indicate the magni¬ 
tude of the triple harmonic voltages. An oscillograph will give 
the phase relations. 

The short circuit neutral voltages appear between the short 
circuit point and the neutral of the generator. 


Application of Equations to A Generator of Known 

Characteristics 

The application of the equations developed above to a gen¬ 
erator which is unsuitable for parallel operation with inter¬ 
connected neutrals, will serve to make them clearer. 


B 


LimmsA 


N 


.MAGNETIZATION THIRD HARMONIC CURRENT 




Fig. 8 



In Figs. 9 and 10 are shown the no-load characteristics of 

such a generator. The winding is a distributed full pitch wind- 

ing of usual type. It will be observed that the open circuit 

triple harmonic is symmetrical with the coil voltage and positive 
in value. 

Applying the constants of this generator to equations III 
and IV, we get a triple frequency e.m.f. 


^iii — 0.085 Ef sin 3 co / 


J. JLr V 2 


0.848-0.25X0.085 


(0.113 0.65X0.085) sin 3 co / sin cf) 

(0.170 — 0.11 X 0.085) cos 3 co / cos (f) j- 

0.085 £/ \/2 sin 3 CO ^ - 0.069 / A. V^sin 3 co /! sin <j> 

+0.195 / Xr \/2 cos 3 CO / cos cf) 



1910] 


OF THREE-PHASE GENERATORS 


783 


Triple frequency reactance per phase 


■y 

^sIIX 


2 (0.655+0.42x0.085) Xr 
^ 9 (0.848-0.25X0.085) 


= 2.4+0.185 Xr 




Pig. 10.—Open circuit wave forms of 5000 kw., 11,000-volt, three-phase, 

Y-connected generator 
A = Line to neutral of generator 
B — Line to line 

C = Neutral of generator to neutral of system 

If this machine had no neutral voltage on open circuit, these 
equations would be 

= _ 0.133 J Xr \/2 sin 3 w / sin <^)+0.200 I Xr cos co f cos </> 

X.„i = 2.4+0.174Xr 
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Figs. 11, 12 and 15 show the effective values of voltage and 
current as represented by these equations, together with ob¬ 
served values. In Fig. 11, ^ represents the computed values of 



neutral voltage when the machine is short circuited in the usual 
manner; A gives observed values with an encouraging agreement. 
B and B' similarly show computed and observed values of neutral 



current when the neutral also is connected to the short circuit 
Pig. 12 shows the magnitudes of neutral voltage and current 
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that would have obtained in this machine, had its pole faces 
been shaped to give a sine wave when run on open circuit. 

Figs. 13 and 14 are reproductions of oscillograph records taken 
under short circuit conditions. They are self-explanatory. 



Fig, 13.—Short circuit wave forms of 5000-kw., 11,000-volt, three-phase, 

Y-connected generator 
A =Line current 
15 —Neutral voltage : 


In Fig. 16, A represents the computed neutral voltage of the 
machine with different loads at unity power factor. Observed 
values are represented by crosses and the dotted line. B shows 
what these voltages would be in a similar machine with a perfect 
wave form at no load. 



Fig. 14,—Short circuit wave forms of 5000-kw., 11,000-volt, three-phase, 

Y-connected generator 
A = Line current 
B = Neutral current 

The discrepancy at overloads is probably due to the fact that 
the air gap between the poles has a greater permeance in actual 
machines than in the ideal machine upon whose characteristics 
the equations are based. This increased permeance has the 
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result of greatly reducing the triple harmonic caused by the 
reaction of current in phase with the internal voltage. The re¬ 
duction is to approximately one-third of the calculated value, 
which magnitude gives calculated curves corresponding to the 
observed values. 

The above comparisons of. observed and computed results 
are given as a test of the theory and methods. The further 
application to difference in potential, etc., between the neutrals 
of machines in parallel will serve as a measure of trouble to be 
expected. 

In Fig. 15, curves C and B show the calculated voltage between 



the neutrals of two machines, one of which is running without 
load and the other of which is running loaded. The voltage 
between neutrals of two machines is governed principally by the 
reaction of inductive load, hence the effect of the reduction of 
interpolar triple harmonics mentioned in connection with 
Fig.^ 15 is of comparatively little importance. 

Fig. 16 shows the calculated angular displacement of voltages 
due to load. A shows the angular displacement of the internal vol- 
tage, B the angular displacement of the neutral voltage and C the 
angular displacement of neutral voltage in a machine having 
zero no load triple harmonic. 
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It will be observed that the triple harmonic is displaced by an 
angle several times as great as is that of the fundamental. It 
will also be observed that at large loads the voltage between 
neutrals of loaded and unloaded generators may be larger than 
the neutral voltage of either, due to the very large angular dis¬ 
placement. 

Figs. 17 and 18 are oscillograph records taken on a machine 
running at loads of 5000 and 9000 kw. These loads correspond 
to ratios of approximately 0.32 and 0,58. These records show a 
reasonably close agreement with theory as to the angular dis¬ 
placement of the neutral voltage. 

In the early part of the paper it was mentioned that the causes 
of trouble with similar machines were non-uniform angular 



0.1 0.2 0.3 O.i 0.6 0.6 0.7 

-^ = RATtO OF LOAD CURRENT Tb FHORT CIRCUIT CURRENT 
Is 

Fig. 16 

A 

velocities and unequal loads. Referring to Fig. 15, curve C, it 
is seen that the voltage between the neutral of a loaded gen¬ 
erator and that of an unloaded generator is practically a linear 
function of the load. Thus, two machines running with dif¬ 
ferent loads would have about the same neutral potential dif¬ 
ference as though one of them were loaded by an amount equal 
to the load difference and the other was running unloaded. 

Unequal instantaneous velocities result directly in a surging of 
load between two machines. This surging at times amounts to 
a load corresponding to 1/15 = 0,25. This is unusual, but 
nevertheless is encountered even in well designed plants having 
reciprocating engines. With generators, such as have given 
trouble, this causes a neutral potential difference of 500 volts. 
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The triple frequency reactance being 3.7 ohms per phase, 
there would flow in the interconnected neutrals of two machines 


a current of 


500X3 

2X3.7 


-202 


amperes. 


With a large number 


of machines interconnected, this current could amount to 
400 amperes. 

Currents of these magnitudes are not in themselves large 
enough to cause serious trouble, but since they are always present 

as surges their possible effects on a large system are somewhat 
alarming. 

It has been found in practice that at times there wottld be a 
more or less sudden excessively large rush of current, due possibly 
to the valve mechanism of the engine. Any such sudden large 



Fig. 17. Voltage wave forms at 5000-kw., load (non-inductive) 5000- 
kw., 11,000 volts, three-phase, Y connected generator 
A = Line to neutral generator 
B = Line to line 

C = Neutral of generator to neutral of system 


variation in angular velocity would produce a current limited, 
not by reactance computed above, but by the leakage reactance 
without iron. ^ This may not exceed 20 per cent of the leakage 
reactance, or, m the machines considered above, 0.48 ohms per 
phase. Under these conditions surges may occur as large 

500X3 

.3100 amperes. 

An inspection of Fig. 15 shows that little improvement may 

be expected by designing the machine with a perfect no load 
voltage. 

Most serious difficulty in the operation of generators with inter¬ 
connected neutrals has been during the operation of synchroniz- 
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ing. At this time there is a very large difference in loads and at 
the instant of closing the switch there is a sudden short circuit 
of the neutral voltage. Loads may differ at this time as much 
as //Js = 0.6. corresponding to a neutral voltage of 1190 volts. 
The first rush of neutral current with several machines running, 
1190X3 

may reach ^ 43 7450 amperes, which would settle down 

1190X3 

to a final value of - _ y- =965 amperes. These figures indicate 

that great synchronizing difficulty is to be expected, especially 
with several machines running. Evidently all neutral currents 



Fig. 18. Voltage wave terms at 9,000 kw. load (non-inductive) 5000 
kw,, 11,000-volts., three-phase Y-connected generator 
A =Line to neutral generator 
B = Line to line 

C = Neutral of generator to neutral of system 

at this time may be avoided by connecting the neutral of the 
incoming machines only after an adjustment of the load. 

Remedies 

Practice and the computations made above show beyond 
question that with certain types of generators parallel operation 
with interconnected neutrals is impracticable and dangerous to 
continuity of service. 

The best remedy is to build machines in which no triple 
harmonic voltages can exist. These troublesome harmonics 
may be eliminated at no load by the proper shaping of the pole 
pieces. There are in addition, however, triple harmonics due to 
armature reaction which are increased by a decrease in no load 
neutral voltage. 
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The remedies possible are two; the distribution of the excitation 
m.m.f. sinusoidly over a uniform air gap so that the armature 
reaction will be without higher harmonics; or the design of the 
armature winding so that no triple harmonics ma}^ be gen¬ 
erated therein. Comfort A. Adams shows in the above men¬ 
tioned papers that this latter condition may be obtained by a 
winding distributed over 120 consecutive electrical degrees of 
armature space. 

It is probably impossible to reduce neutral voltages and 
currents to zero, but there should be no trouble in reducing them 
to negligible magnitudes. 

Conclusion 

In conclusion then, it appears that alternators as usually 
built, are unsuited for parallel operation with interconnected 
neutrals. The difficulty is greatest during the operation of 
synchronizing, but may be considerable at other times unless 
the prime movers have uniform driving torques. However, 
it is perfectly feasible to build alternators that will give no such 
trouble. When such machines are required, it should be S[)ecified 
that the neutral voltages both on open and short circuit, shall 
not exceed 1 to 2 per cent of the corresponding fundamental 
coil voltages, instead of from 10 to 15 per cent, as is now fre¬ 
quently the case. It should further be specified that the short 
circuit neutral currents shall not exceed 10 to 15 per cent of the 
full load coil current, instead of 100 per cent as is now common. 

Machines built to meet these specifications will operate with 

complete satisfaction with their neutrals solidly connected 
together. 
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Discussion on '' Parallel Operation of Three-Phase 
Generators with their Neutrals Interconnected 
San Francisco, Cal., May 5 , 1910. 

H. J. Ryan: The author of this paper defines the factors 
that cause undesirable currents to circulate among the com¬ 
mon neutrals of large Y-connected alternators operated in 
parallel. He develops analytically the relations of those 
tactors so that the magnitude of the circulating currents may 
be predetermined with a fair degree of accuracy. To be able 
to do this is half the battle that must be fought to reduce them 
to harmless proportions. 

In the Interborough and similar p''ants, the alternator neutrals 
are paralleled and grounded so that an underground cable 
leeder in which a fault through the insulation to ground de¬ 
velops will be automatically disconnected before the fault 
grows into a complete and destructive short circuit. This 
mode of operation developed troublesome circulating currents 
among the paralleled neutrals of the alternators. The remedy 
^ nally adopted was to ground the neutral of but one a ternator. 
m each of the two Interborough stations operating in parallel. 

I ne proportions employed in setting the feeder circuit-breakers, 
resistance m ground connections, etc., are such as to secure 

maxnnum effectiveness of the protection thus accorded the under- 
grourid system. 

eliniinates the paralleled neutrals and constitutes one 

remedy that has been put into practice with rather good results. 

At the close of this paper the author proposes two additional 
remedies: 

1. The distribution of each armature phase over 120 dev 
fundamental, in lieu of 60 deg. ^ ueg. 

Each pair of actual or fundamental poles have as third har- 

These proposed broad 
amature coils cut such third harmonic poles in opposing pains. 

™ developing the corresponding 
nn ^ result of zero for such e.m.fs., 

° extent the third harmonic poles may be- 

produced by armature reaction. 

reluctance and a polar 
^ field^excitation m.m.f. so as to match the dis- 
T/riDutioii 01 armature reaction m.m.f. 

implies an alternator modeled structurally 
mucxi liKc an induction motor or generator. 

factories can very likely find a 

be LmP.Xff’i generators of this character should 

not desirable in other respects, because they are 

now in iiQP piactice. As against the compromise method 

nr Nn t above as No. 1, is either method. No. 2 

or No. 3, desired sufficiently to offset the manifest disadvantages 
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that must exist somewhere for the reason just given? One 
hopes that the discussion of this paper will throw some light 
hereon. 

_ The author of the paper has done the profession a real ser¬ 
vice in demonstrating that all problems which owe their origin 
to non-sine wave conditions may be solved by the sine-wave 
methods ^ applied to the multi-frequency components of the 
original irregular alternating waves. The method looks com¬ 
plicated because of the many terms that the several frequencies 
introduce. Inherently it is nothing more than an extension 
of our common methods. 

S. J. Lisberger: In paralleling the two alternators, Mr. 
Rhodes speaks of alternating the two; does he leave the neutral 
of the alternator that is to be grounded, when the two are in 
final parallel, open until the two are synchronized, or is it closed 
at the moment of synchronizing the two alternators? 

G. L Rhodes: We have little occasion to parallel two gen¬ 
erators with their neutrals interconnected. Normally, one unit 
in each plant is connected to the neutral bus. When this 
grounded machine is to be taken out of service the neutral of a 
second is grounded and then that of the first cleared. This 
procedure allows the two machines to run for a short time 
with their neutrals in parallel. 

^ When the two stations have to be synchronized the operation 
is performed with the neutral of each grounded. The rheostats 
however, limit the interchange of current to a small vXe 

The primary object of the ground resistance is to limit 
the flow of current to a grounded cable. This is the sole 
object where a single rheostat is used. Where a separate 
msistance is inserted in the neutral connection of each generator 
it has the added function of greatly reducing the interchange of 
triple harmonic currents between machines. 

C. L. Cory:^ On the Pacific Coast we have had some experi¬ 
ence in operating high-voltage Y-connected generators, and the 
resultant higher harmonic e.m.fs. There are one or two things 
I may add to the paper, not so much regarding the operation 
of the generators in the station but the results on outside cir¬ 
cuits of grounding the neutral. 

There are in the Redondo Station of the Pacific, Light & 
Power Company three 5000-kw., 18-000-volt, Y-connected 
generators directly driven by reciprocating engines and during a 
fifteen day test of one of the units, as well as during the regular 
operation of the plant, the presence of these higher harmonics 

^ manner somewhat similar to that outlined 
in the New York station. I do not know exactly what was done 
regarding the neutral connections to the ground after the test 

ammeters were connected 
m the neutral circuit to the ground from each of the three gen- 

observed that the ground currents varied with 
the relative loads upon the generators. 
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I do not recall at this time what arrangement was made re¬ 
garding the neutral connections during the synchronizing of the 
pnerators, but the three generators were operated in synchron¬ 
ism during the test and the plant as a whole was run in syn¬ 
chronism with water power and other steam driven stations 
many miles away. 

One thing which was observed, of which you unquestionably 
have knowledge in the operation of such machines, was the 
impossibility of connecting the secondaries of the transformers 
in delta with their primaries connected Y since there is a current' 
due to the e.m.f. of the higher harmonic waves wh'ch manifests 
itself in the delta connection of the secondary side. There is 
another point, and if I am wrong, Mr. Rhodes, I will be very 
glad to have you correct me, is that the magnitude of the current 
from the neutrals to the ground due to the higher harmonics, 
principally the third, depends directly upon the voltage of the 
generators. 

G. L Rhodes: Yes. The current flowing to ground on 
account of the electrostatic capacity of the lines is directly pro¬ 
portional to the voltage. The interchange of current between 
machines is the same proportion of full-load current irrespective 
of the voltage. 

C. L. Cory: Therefore, if we should reduce the voltage of 
these generators from 18,000 volts down to 2300 volts the magni¬ 
tude of the ground currents would be correspondingly reduced, 
which reduction of voltage, while not a complete solution, would 
reduce the trouble. 

The principal difficulty which was found in this case was 
the interference with the telephone and telegraph lines 
wherever there was an exposure of such circuits near the 
high-voltage transmission lines connected with the system. 
Telephone lines that operated very satisfactorily before the 
neutral was connected with the earth were, after this con¬ 
nection was made at the station, practically rendered inoperative. 
We have here to-day, Mr. President, the engineers of the tele¬ 
phone company and since they have to a great extent inoperative 
the conditions produced by the operation of high tension trans¬ 
mission systems on the coast, this side of the matter should I 
think be given due consideration. It is apparent, as set forth 
in Mr. Rhodens paper, that telephone and telegraph line inter¬ 
ference may be of considerable magnitude during the time when 
the generators are being started and synchronized and that the 
conditions would not be so severe during the normal operation 
of the generators, although with the changing loads on the 
generators serious troubles might be encountered. 

^ In this connection it is worth remembering that very little 
difficulty, comparatively, has resulted from grounding the neu¬ 
trals of the 60,000 volt and 100,000 volt transmission lines 
where the generators are operated at comparatively low voltage 
and the high line voltage is obtained by step-up transformers. 
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There is another instance in Southern California where a 
large steam turbine with a Y-connected high-tension generator 
had the neutral grounded. In this case the higher harmonics 
interferred seriously with the operation of the telegraph system, 
the telegraph and transmission lines running parallel along the 

right of way of the Southern Pacific Company for a number of 
miles. 

In the general solution of the problems which have arisen and 
will continue to arise in connection with transmission lines and 
telegraph and telephone lines, there is no question but that the 
equations and discussions as set forth in the paper, as well as 
^o^^l^sions^ of the author, will be of material advantage. 
President Stillwell i I would ask Mr. Rhodes whether he, 

during his investigation, measured or approximately measured 
, the variation. 

G. I. Rhodes: No such measurements have been made. 
President Stillwell: ^Did you form any impression as to 
whether the variation in angular velocity in the case of the 
reciprocating engine was quantitatively a serious matter as 
ailecting the interchange of current? In other words, is there 
serious disadvantage, in your judgment in using a reciprocatincr 
engine as compared with a water or steam driven turbine, as¬ 
suming that armatures are similarly wound? 

G. I. Ixodes: The difficulty of operating the plant with the 
neutrals in parallel was due primarily to the variation in angular 
velocity of the engines; the trouble during the operation of 
synchronizing could have been avoided by closing the neutral 
afterwards. Where turbines are used there is no appreciable 
surging in the neutral connections. 

It is possible to introduce triple harmonic current by unequal 
negliffiMe^’ normal conditions these currents are 

President Stillwell: The point I have in mind is, would the 
variation of angular velocity, in the case of a winding having 

stlndpoint?" ^ ^ practical operating 

If you had no third harmonic would it be serious? 

fluMiV; nrT??!® ■' 7^? P®’' P°l® ^as no direct in- 

to h? alternators had been de- 

t wfio t^ ^P^® conditions of load, ' 

the variations in angular velocity would not have been serious. It 

neiffirals In^ naraJlpl^°^^>/^ operate the machines with their 

than Sst “y interchange of current other 

than toat which would occur with the neutrals disconnected. 

think the n,T=t/o f "connection with this question, I do not 
has ev?r ^ circulating currents in grounded neutrals 

o7s S Ekctric rn f apparatus of the Pacific 

within tholnQt ^®"cn concerned until possibly 

sTationsS^V 00 ?“??";. Many of the generators at the power 
stations are Y-connected, others are delta-connected. I don’t think 
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the question of the circulating current in neutrals has ever becorne 
anything of a factor. At the Oakland station the high potential 
transformers are of course star-connected on the 2,300-volt side. 
With synchronous motors of the Stanley type, running connected 
in the same manner with grounded neutral, there is absolutely no 
flow of current through the neutral that is noticeable. With the 
turbines floating on the line, there is no appreciable flow of 
current through any of the meters, but there is present a circu¬ 
lating current through the neutral of approximately 300 am¬ 
peres. The speed of the turbines is 720 revolutions, and with 
practically all of the rest of the system being water-driven, 
this question of angular velocity would not seem to be much of 
a factor. I think the matter of current flow is probably due to 
the variation in the type of pole face used in the generators. That 
is my opinion and belief at the present time. Mr. Downing has 
made some experiments in that line, and possibly he can give 
us some information. 

Paul Downing: We have made some tests along the lines which 
Mr. Adams has indicated, but have not as yet reached any 
definite conclusion. We have a circulating current there, which 
is practically constant, regardless of the load carried by the 
turbines. This particular turbine runs in connection with the 
transmission line, which is supplied with power from hydro¬ 
electric plants. A great deal of the time that particular turbine 
carries no load, simply floating on the line. As I say, we have 
not progressed quite far enough with our experiments yet to 
arrive at any definite concluwsion. 

Along this same line I would ask Mr. Rhodes if it is common 
practice to operate different stations in parallel on a given net¬ 
work, and if so, whether or not the current on the neutral of one 
machine in each station, or one machine, feeds in to a given net¬ 
work. 

G. I. Rhodes: The system with which I am connected, con¬ 
sists of two plants operated in parallel with a single generator 
in each station grounded through a resistance. These resist¬ 
ances xjractically eliminate trouble from the neutral currents. 
There is no reason why a network having several power stations 
could not be operated in this manner. 

E. F. Scattergood: Mr. Rhodes speaks of several machines 
operating in parallel and suddenly one of these machines dropping 
out. I would ask if that occurs with the turbines or only with 
the reciprocating engines, or with both? 

G. I. Rhodes: There was no definite indication of why a 
machine would drop out suddenly. It was probably due to the 
valve motion on the engines. When the machines were operated 
in parallel with the'r neutrals interconnected, the surging was 
very irregular. At times an especially heavy surge would occur 
on a machine without cutting it out, but this was frequently a 
preliminary signal of trouble. There should be no trouble 
of this kind in steam-turbine or in hydraulic plants. 
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W. F. Lamme: I would like to ask about the regulation of 
the machine. I have had some experience in paralleling alter¬ 
nators and have noticed that where a machine would nun per¬ 
fectly parallel up to 400 volts, at 2000 volts you could, not get 
satisfactory work out of it at all. 

O* I. Rhodes • The inherent regulation of these si’cnerators 
figures out^at about four and one-half per cent. 

P. M. Lincoln: My judgment of the value of this paper is 
based entirely upon the conclusions which are mentioned in 
few paragraphs and particularly to the one conclusion 
which is mentioned in the first sentence of the concluding para¬ 
graph. This reads as follows: 

In conclusion then it appears that alternators as usually designed and 

built are not suited for parallel operation with their neutrals inter¬ 
connected. 

Judging from this it seems that Mr. Rhodes has attempted to 
demonstrate something contrary to actual facts. 

I am familiar with the designs and practice of alternating- 
current generators as made by the company with which I am 
connected, and quite a considerable number of the generators 
made by this company has been operated on four-wire three 
phase systems with the neutrals of the generators solidly con¬ 
nected to the neutral of the system operated, thus forming the 
systems with interconnected neutrals such as Mr. Rhodes dis¬ 
cusses. In no case where such practice is in use has any par¬ 
ticular attent on been paid to the design of the generators with 
a view of reducing any disturbances which might arise from 
these interconnected neutrals. In the operation of such gen¬ 
erators as have been used with interconnected neutrals there has 
never been any reason for complaint on account of this connec- 
Uon with the single exception of the plant with which Mr. 

nodes is connected. In view of the fact, therefore, that quite 
ft, number of plants are using this method of operation and 
the further fact that this method is becoming more and more 
popular as tune goes on, I do not think that Mr. Rhodes’ broad 
conclusion is in any sense justified. 

The question of circulating currents between various genera¬ 
tors operated in parallel is by no means a question of the gen¬ 
erators only The prime movers which operate these generators 
have a great deal more to do with the magnitude of these cir- 

generator itself. In any plant 
where alternating current generators are paralleled, currents are 
hound to circulate between the various units in parallel. The 
magnitude of these circulating currents is dependent to a very 
arge degree upon the uneven driving torque which is a neces- 

of reciprocating engines. It is well known 
output of any reciprocating engine is not con- 
stant at all times It rises to a maximum at the beginning of the 
piston stroke when the pressure within the cylinder is nearly 
boiler pressure and falls to a minimum at the end of the stroke, 
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when there is no effective pressure within the cylinder. On the 
other hand the power output of an electric polyphase generator 
into its circuit is constant, and is the same at each instant of 
time. The average power output of an engine is equal to the 
average power_ output of the generator plus the losses. The 
excess or deficiency of power in the engine cycle therefore is 
devoted to two things-—first, the speeding up or slowing down 
of the flywheel which is attached to the generator, and second, 
a somewhat increased or decreased power output from that par- 
ticular generator on account of the fact that its e.m.f. wave is 
forced somewhat ahead or lags somewhat behind the e.m.f. waves 
of the other units in circuit at the same time. This fact that 
the e.m.f. wave of one generator is ahead or lags behind the e.m.f. 
wave of the other generators in circuit at the same time is largely 
responsible for circulating currents. So long as the various 
generators are three-phase and are connected together on the 
outside terminals only it is impossible for triple harmonics or 
rnultiples thereof to constitute any part of the currents which 
circulate between the various units. This is on account of the 
fact that in the outside terminals of no three-phase generator is 
it possible for triple harmonic e.m.fs. to appear. As soon, 
however, as the neutrals of the various generators are inter¬ 
connected the triple harmonic current can flow and under some 
conditions this triple harmonic current becomes a very large 
proportion of the total circulating current that appears between 
the various units.^ The flow of this triple harmonic current can 
be readily determined by placing a meter in the neutral connec¬ 
tion between the various units in parallel. It should be borne 
in mind, however, that the current circulating through the wind¬ 
ings of the generator is only one-third of the current which is thus 
measured as coming from the neutral of the generator. The 
triple harmonic current in each of the three phases of the gener¬ 
ator windings are all in phase and thus the triple harmonic cur¬ 
rent in the neutral is three times that in the generator winding 
itself. For instance a triple harmonic of 75 per cent of full 
load meastired in the neutral wire means that only 25 per cent 
of full load current is circulating through the generator windings. 
The heating effect of such a 25 per cent triple harmonic super¬ 
posed upon full load fundamental current would increase the 
total eflect only by 3 per cent. It is quite easy therefore to 
obtain froni measurements made in the neutrals of three-phase 
generators in parallel an exaggerated idea of the importance of 
circulating triple harmonic current that may be found between 
these various units. I do not know of any case where so much 
as 75 per cent of full load current has been found as a normal 
condition but I cite an example having an excessive triple 
harmonic current so as to show how unimportant a part such a 
circulatirig current really plays so far as heating of the armature 
winding is concerned. 

^ Another condition has a very important effect upon this 
circulating current and that is the amount of armature reaction. 



798 


PARALLEL OPERATION 


[May 5 


In general the greater the armature reaction (that is the poorer 
a given machine regulates) the less will be the circulating cur¬ 
rents which will be caused by a given departure of the prime 
mover from uniform rotation. The generators of the Inter¬ 
borough Rapid Transit Company, with which Mr. Rhodes is 
familiar, have very close regulation. Their short-circuit ratio 
is over three. In other words, this simply means that a given 
amount of armature current has less influence over the field than 
the same amount of armature current would have in a generator 
whose short circuit ratio is, say, two. Conclusions, therefore, 
which are reached from a study of machines whose short-circuit 
ratio is three or more, such as the Interborough machines, do not 
necessarily hold when the short-circuit ratio is considerably less 
as is the usual practice in more modern machines. 

With recent type machines there may be even a considerable 
departure from uniform rotation in the prime movers and still 
the circulating current with interconnected neutrals will not 
reach a value sufficient to cause the slightest inconvenience. A 
c^e in point is the experience of a lighting company in Pittsburg. 
This company operates a number of 4000-volt generators in 
parallel with neutrals solidly interconnected. The voltage 
from^ the neutral to each outside is about 2200 and all of the 
lighting by this company is done from neutral to outside. These 
particular machines are driven by gas engines and the plant has 
been in operation for a number of years. It is well known that 
the gas engine has about as great a departure from uniform 
rotation as any prime mover, but in the case cited above there 
has not been the slightest disturbance of any kind and neither 
has there been any ^ question concerning the desirability or ad- 
visabilhy of operating their machines in this manner. Quite 
a number of other plants are using the four-wire, three-phase 

j J * 1 are connecting the neutrals of their 

generators direct to the neutral of their systems. This method 
or operation is becoming more and more favored as time goes 

ordinary generator design is concerned there is 
nothing to prevent it. This has been proven by the experience 
01 quite a large number of plants. ' 

It is quite evident therefore that experience has proven auite 
the contrary of the broad conclusions laid down in Mr. Rhodes’ 
paper. _ It is both unnecessary and inadvisable to follow out the 
^^gestion ot making more or less freak generators such as Mr. 

Khodes suggests for the overcoming of a difficulty which in actual 
practice does not exist. 


+ 1 , • J believe I have answered most of the questions 

that have been asked of me, so I will say a few words with re¬ 
spect to Mr. Lincoln’s remarks.' I also know of a plant of 
la,rge size operating with neutrals solidly connected together, that 

trouble. Some months ago an attempt was made 
^ “-a-n-ufactunng company to build generators which it 
would parantee as to operation with the neutrals in parallel. 
No such guarantee could be obtained. It is hard to say why there 
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has been no trouble with the plants Mr. Lincoln mentioned, 
but if I knew more about the details of the machines, I might 
be able to explain it. 

In response to what Mr. Cory has said about telephone lines, 
I might bring up an instance of some difficulties experienced 
with triple frequency current. I have in mind some special 
tests we made on one of our small turbines, and during this 
test we had occasion to put in circuit some 35 miles of under¬ 
ground cable operating at 11,000 volts between phases. There 
was a triple-frequency component of 500 volts in the potential 
to ground. The neutral current was considerably larger than 
the line current. The oscillograph record taken during that test 
was published by Mr. H. G. Stott two years ago. Trans¬ 
actions A. L E. E., Vol. XXVII Part II, page 1536. 

C. A. Adams (by letter): As this subject is one in which the 
writer is greatly interested, he cannot refrain from expressing his 
admiration for the author's courage in attacking and skill in 
carrying out even a roughly quantitative solution of this problem . 
The approximations are necessarily rather gross, but the results 
should be, and in fact seem to be, close enough to be of great 
practical value. 

^There is much food for thought and discussion in connection 
with the method of analysis and the approximations involved, 
but as most readers of the Transactions are more interested 
in the remedies for the difficulty, I will stop here to question 
only one of the author's assumptions, namely that the effective 
third harmonic reactance at the instant of short circuit is not 
over 20 per cent of the (third harmonic) leakage reactance ", if 
the slot leakage were entirely neglected the coil end leakag€i 
alone would ordinarily amount to more than 20 per cent of the 
total, especially in a 25-cycle turbo-alternator. 

Coming now to the remedies, the author has neglected entirely 
the consideration of fractional pitch windings,^ although his 
suggestion of a 120 degree belt span is in some respects equivalent 
to a two-thirds pitch. A two-thirds pitch with a 60 degree belt 
would eliminate the third harmonic entirely under all conditions 
of load, and would save considerable copper and overall length 
of machine, as cotnpared with the 120 degree belt at full pitch. 

Other things being equal the two-thirds pitch winding would 
requ re about 15 per cent more slot copper, but a little less coil 

r pitch winding; but as the coil end copper 

at full pitch is frequently more than 50 per cent of the total, 
the increase in total armature copper would be only 6 or 7 per cent, 
which could be neutralized by a slight increase in peripheral 
velocity The saving as compared with the 120 degree belt 
lull pitch winding would be 8 or 9 per cent. 

^ It should be noted that the reducing effect of the two-thirds 
pitch up on other than the triple harmonics is the same as upon the 
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fundamental, so that the relative magnitudes of these other har¬ 
monics remain the same. But the belt differential factor reduces 
each of these, say the nth harmonic, to 1-rith of its value in the 
flux distribution curve. Thus with any reasonable shaping of the 
pole face, the 5th, 7th, 11th, 13th, etc., harmonics will be re¬ 
duced to comparatively small values. However, if it were im¬ 
portant to reduce them still farther, it could be done by a double 
winding in two layers connected in series, each of the two layers 
giving the same e.m.f. wave-shape as the original winding and the 
two layers displaced in phase enough to largely eliminate the more 
important harmonics. The best phase displacement for this 
purpose is 30 degrees in a three phase machine, see Fig. 9 of the 
® article on “ Alternator Wave Shape ” referred to above. 

_ lhis_ last suggestion would involve considerable additional 
insulation and complication in winding, and should not be neces¬ 
sary with any reasonably good flux distribution curve. 

author’s second suggestion for a remedy, namely a uniform 

field winding, seems to be quite feasible, 
although It would be better when combined with a moderate 
pitch reduction. It should not be difficult with distributed 
held endings, such as now in considerable use, to obtain a flux 

is^ne(^h!?hf trapezoidal form in whiclj the third harmonic 

a moderate fifth harmonic. The 

ifsn from the e.m.f. by a coil pitch 

01 51) per cent or thereabouts. ^ 

of (by letter); It may be 

can be described by Mr. Rhodes 

can be duplicated under laboratory conditions. 

72-kw., three-phase, Y-connected alternators, 
load, with tL^ foUo’wTS^Ss?'^ “ ^ non-inductive 


I Line E. 

i 

i 

Load I. 

Current delivered by one 
alternator. 

Neutral 

current. 

N.eutral 

Potential. 

Neutral, out 
or open. 

^ Neutral, 
in or closed. 

Load. .. 349. 
No load 379. 

5.4 

0 

3.15 

3.75 

■ 

3.35 

4.1 

2.7 

4.1 

— 

2.1 

3.1 

i 


the^tw^machffiel^'^'^^^^ between 

atY-connection, 2.6 ohms 


^5X2.6 = 


7.8 ohms, at 180 cycles. 


ilsiSiffir? P®r phase of each alternator, 3.5 ohms 

of 2/9 that to thrfinTr f third harmonic 

neutral cuirent foTelch of?be k’ by Mr. Rhodes, the 

current tor each of the above cases is computed as follows, 
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dividing the measured neutral potential by the impedance of 
two phases in series. 

Load 


In = 3X 


No load 


2.1 

2X7.8+2X2/9X3.5 ~ amp. 


2x“7.8+2xW><3'.5 


= 0.542 


Ratio, observed to computed neutral currents, 


Load 


2.7 

0.367 


7.36 


No load 


4.1 

07542 


7'. 57 


_ The discrepancy between observed and computed values for 
+1?^ current seems to be due to an amplification of the 

t ltd harmonic e.m.f. introduced by the third harmonic itself. 

ms was checked by measuring the circulating current in one of 
the machines operating no load, delta connected, as follows: 


Line E 
220 


3d Harmonic E with 
delta open. 

17.8 


3d Harmonic circulating 
current. 

5.0 


By computation the third harmonic should be 
« 


__ 17.8 

* 3X7.8+3X2/9X3.5 


0.693 


Ratio of observed to computed current. 


0.693 

1 rn agreement with the previous ratios 

/.oD and 7.57. 

The oscillograph showed that the current circulating in the 
delta was practically a pure third harmonic. ^ 

G. 1. Rhodes : The apparent discrepancy between calculated 
and observed neutral currents as given by Messrs. Charters 
and Millebrand may possibly be explained as follows: The value 
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of the reactance to triple harmonic current is given in the paper 
as the sum of three times the leakage reactance plus 2/9 of 

"^tiis latter quantity is defined as the 
diherence between the synchronous and the leakage reactances. 
1 ne hgure given for leakage reactance is abnormally high and 
on that account is open to some question. It is probable that 
there was a misunderstanding as to the definitions of the react¬ 
ances to be used in calculating neutral current. 

. Lincoln s adverse^ criticism of the paper deserves atten- 
tion. Mis chief objection _ appears to be based solely on 
the wording of the conclusion, without any reference to the 
subject matter leading up to it. His discussion seeks to establish 
^alternators as usually designed and built are suit¬ 
able tor operation with interconnected neutrals, without special 
consideration to design. 

The f^t that some machines have proved incapable of opera¬ 
tion with paralleled neutrals indicates beyond a doubt that 
design has a great deal to do with it, and the cause of this 
trouble should be mvestigated rigidly so that it may be avoided 
in future installations. This paper has investigated the cause 
and suggested a remedy. 

Mr. Lincoln offers in support of his criticism, the satisfactory 

^eration oi certain plants with solidly interconnected neutrals* 

Me gives absolutely no details to indicate whether or not these 

generators embodied any elements of design tending to reduce 

neutral curr^ts, or as to their size, number, or conditions of 

operation. Me specifically mentions the generators which have 

caused trouble, as special, on account of their low armature 
reaction. 


The writer has investigated the only plant mentioned with 
sufficient detail to afford identification. This plant consists 
of two 200-kw. 4000-volt, three-phase, Y-connected, gas-engine- 
nve_n generators. They are designed with large armature 
reaction and large leakage reactance, to limit interchange of 
1 - ^ neutrals are solidly connected together as are 

Txru f lines as far as automatic switches are concerned. 
What IS satisfactory operation? 

At the time the writer was in. the plant there were occasional 
surges between the generators sufficient to cause the wattmeter 
on one to fall to zero, and that on the other to rise to double the 
load "With violent oscillations. The engineers seemed not in the 
least worried. It was evidently not an uncommon occurrence, 
buch conditions which were “satisfactory” in this 400-kw. 
pl^t would have been disastrous in a plant of 40,000 kw. 
ihis small plant consisted of hut two units. It has been 
possible to operate two units in the plants with 
which the wnter is connected. It was sometimes possible to 
operate even three, but it was absolutely impossible to operate 

number._ this gas-engine plant had consisted 
e ght to ten units as is frequently the case in larger systems, 
it is probable that there would have been trouble. 
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Mr. Lincoln makes a statement as to the unimportance of the 
heating effect of the neutral current. He states that a 75 per 
cent current corresponds^ to a 25 per cent triple harmonic coil 
current. He states the increased heating effect is 3 per cent. 
This figure should be 6 per cent, for the increased loss is propor¬ 
tional to the square of the current value of non-fundamental 
frequency. Thus, the heating with 75 per cent neutral current 
is_ 1.00^ -f 0.25^ = 1.063. The extreme figure given by Mr. 
Lincoln for neutral current is very much too small. The writer 
has knowledge^ of a case in which the current was several times 
full load.. It is thus evident that the heating effect of neutral 
current is not always negligible. 

Mr. Lincoln’s reference to the low armature reaction of the 
niachines which have proved incapable of satisfactory operation 
with interconnected neutrals indicates his belief that this low 
reaction was responsible for the trouble. 

If he had studied the paper instead of the conclusion he would 
have observed the following: 

1. Neutral potential is directly proportional to armature 
reaction. 


2. Neutral current is independent of armature reaction. 

3. Neutral current is in the inverse ratio to leakage reactance. 

That is, the small reaction had nothing whatever to do with 
the interchange of neutral current which proved dangerous. 

Ml. Lincoln, after attempting to demonstrate the non¬ 
existence of a condition proved in the paper without pointing 
out a flaw affecting the value of the work, criticises the proposed 
remedies as “ freak.” That is, a winding occupying 120 consecu- 
tive electrical degrees per phase or a smooth rotor with distrib¬ 
uted field winding IS a “ freak.” Every two-thirds pitch wind- 
mg having a belt span of 60 degrees fulfills the first specification. 
iJiis type ot winding is by no means rare, as may be discovered 
by an inspection of some of the armatures in the shops of 
the large manufactuing companies. It is frequently used 
to obtain the best copper economy under certain conditions of 
design, it IS by no means improbable that some of Mr. Lincoln’s 
satisfactory generators which have given no cause for complaint 
contain such windings, although those examined by the writer 
ad full pitch coils. Many turbo-alternators are now built with 
uniform air gaps_ and field windings distributed to give a good 
wave form.^_ It rs safe to say that there are in existence alter¬ 
nators m which the triple harmonic potentials or currents gener- 

value. They have never before been 

brapded as “ freak.” 

The conclusion given in the paper still stands. It is unsafe 
to depend on satisfactory operation of alternators with inter- 

OTooe?d^plvn’^^q^^^ harmonics are eliminated by 

L snerifie^T.^^^^ machines are entirely practicable and should 
be specified whenever paralleling of the neutrals is required. 



804 


parallel operation 


[May 5 


comes evident when we cJnsiSfson,Jnf ''®- 

operating generators in parallel with thf." consequences of 
nected. With such connection It 7. neutrals intercon- 

tively operate all transformino- -possible tp safely and effec- 
connected in Y and with all ^ with both windings 

these condiW, the dritSsSt “"■'FOnnected. Undfr 

Mr. Frank’s paper S harmonic voltage, of which 

ignored in general engineerinct n^acHnp^'^^ rnight therefore be 
tions other than Y become neceSarv ’ connec- 

exigencier S^iro^Yagnefeatio? ‘^T 

erally realized. seem to be gen- 

etihgUTtTeifSSYonS'dS '■'“ <>P«- 

with all transfoS '„td?”s “oni ° d S“' “<» 

Simpler and more flexible thin one in whioh ^ is 

tions are employed. We mav tv, ^ which any delta connec- 

three independent, or nearlyYd^ependif ti^ 

120 deg. apart. This is not tmt tf +1 phase circuits 

which the three phases are in7r 77^ f P!f in 

delta-delta connections “ter-related through delta-Y or 

‘si; 

of all voltage, one in o™ hjh ™L”°leaT‘*? ?** “ 

voltage lead. Each of the Vtheo two a “■?„»”« ■" "ne low 
to a neutral bus which may b" Guided" "1 

nection may be made bv anv «n^tom ^ con- 

seldom have to be distruLd and wifl^v,^ connector, since it will 
at all times. On the Yher hand^“dle 
three switches (two for one wind/no- ?'’'®'’^®^yniers in delta-Y 
required, and with them in delta del 

tion, require^:::: switc'h?s ^Sdlw^dtaYl Y connec- 

switches, to enable its use’to rlplacflnYol th^T"®''!-'''' 

teamTSrJil, 

if the high voltage ne:!?^ rf^boThYep-m^al'JS’^ transformers, 

rdXeV YoTeraferiJe'' nSSr'SfoYY aYsTan'S^f 

grounded through a high resistance t2 

must be connected in delta on at least nnrflt 

order to avoid the possibility of collapse of thf^o^ta jYfofgl “ 
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There have been some remarks in the previously oublisherl 

thSa 

are fi bearing on present practice, since generators 

iLsrSTarK™ tti* 

IS no reason why it should not be a usual thing 

the generatorf^^Th^t’^ precautions in design and operation of 
M{Tu This IS quite contrary to my exDerienop 

tml"LTha?7r^ obtain generators for operation on Tneu: 

eSLS^uidil^''® manufacturers refused to 

1 i usual guarantees to operation in this manner. I am 

r^^v oSZe?fnir’'^^.w be - 

eadily obtained, and hope that when next the demand for them 

arises I shall find y em obtainable without the exception that 
has been imposed heretofore. cxcepnon mat 

I think^tlmv valuable and important ones. 

1 tnink they will hereafter furnish a starting point for the ex¬ 
plication of many of the phenomena of alternating current trans 
mission systems. '-mrent trans- 

att tiVie machine 

ai a time is grounded. The advantage of the scheme is that thp 

resistance between neutral and ground does not vary with the 

coiStent°thu?X^°^^ “ operation, but is fixed and practically 

allowing a sufficient current to flow to the ground 
p the relay in case a feeder becomes grounded. The dis- 



Fig. 1. Manhattan Railway Co. practice 


trarsferrffic°fl.? T Consumed in 

otW T ^ \ connection from one generator to an- 

S^tiTrSf IS ungrounded. _ This scheme has proven 

ParifirPn'^^ ^ ®^beme used by the Southern 

ManhaSn P a? F^uitvale plant is the same as that used by the 
thr?w sw^mlSf Co. except the use of single-pole double- 
then single-pole, single-throw switches for 

ae neutrals and the sectioning of the neutral bus. The practice 

will be to run with all neutral switches in the down position 
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except that for the grounded machine which will be in the up 
position. When it is desired to shift the neutral connection, the 
switch on the generator to be grounded is thrown up, after which 
the switch for the generator to be disconnected from ground is 
thrown to the down position, the system would be ungrounded 
during only the time it takes to throw a switch from the up to 
the down position. The neutral resistance is a grid type rheostat 
having a resistance of 13 ohms and capable of dissipating 6000 kw. 



Sen.NSff. 


•(Sen. MS 3. 




>6enNt4 


Retlshnee OS ehm* ) 
) Ammeter 


Fig. 2. Southern Pacific Company practice 


for 30 seconds without injurious heating. With a dead gnound 

CAA ^ feeder, this resistance would limit the current 

to 500 to 600 amperes which is sufficient to operate the auto¬ 
matics on the feeders; there are no automatic devices on the 
generators. 

At the N..Y. C. power stations, see Fig. 3, it would be safe to 
^ with the neutral switches closed on all four machines, if 
tne two interconnecting switches were open, as there would be 
very little current flowing in the neutrals. It is not advisable 



Fig. 3.—N. Y. C. & H. R. R. ] 


practice 


to operate with all neutral switches closed as there would be 
wou1d^Jhn°T^ resistance between neutral and ground, which 

ne^ctSt wWi; resistances should be kept con- 

generators are being operated. 

neSrStem^ ^^ 0 ^ 1 .^^" installation and operation of grounded 

of conneJtinif'nf naind is the method 

tentiS tr?nXmf transformers. If star connected po¬ 

tential transformers are to be used they should be connected to 
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the neutrals of the machine, instead of to the neutral bus or the 
ground bus, for the neutral connection. If they are connected 
to the ground or neutral bus, whenever the system is running 
ungrounded the potential transformer voltages will be greatly 
unbalanced due to the difference in the loading of the potential 
transformers. At the Port Morris plant of the New York Cen¬ 
tral there have been potential transformer burn-outs, due to 
50 per cent over-voltage on potential transformers. The sys¬ 
tem at the time was not grounded as the operator forgot to put 
in the neutral switch on the machine in service. For feeders, 
potential transformers should be connected between phases and 
not to the neutral or ground. 



A pa^er presenied at the ’^ih meeting of the 
American Institute of Electrical Engineers^ 
San Francisco^ Cal., May 6, 1910. 
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OBSERVATION OF HARMONICS IN CURRENT AND IN 
VOLTAGE WAVE SHAPES OF TRANSFORMERS 


BY JOHN J. FRANK 

Introduction 

Ever since Professor Ryan presented his famous paper on 
“ Transformers ’’ before the Institute, in which attention was 
called to the lack of symmetry between curves of instantaneous 
values of current and potential applied to the transformer, 
numerous writers have discussed the subject from various view 
points. 

One writer on the subject, Mr. Charles K. liuguet, draws the 
conclusion that the distortion is due entirely to the variations 
in the permeability of the iron core since hysteresis is essentially 
unsymmetrical with respect to the magnetization. 

Dr. Bedell and Mr. Elbert C. Tuttle, in a more recent paper, 
present the subject from a purely theoretical view point. In 
their discussion, they show how complex current waves may be 
formed by the combination with a fundamental of triple har¬ 
monic wave shapes of different amplitude and phase relation. 
The significance of the resultant wave distortion and of the 
various hysteresis loops plotted are fully discussed and the 
following conclusions drawn: 

1. When a sinusoidal electromotive force is applied to a coil 
of wire embracing iron, an alternating current will flow distorted 
by the presence of a third harmonic. 

2. This harmonic is in advance of the fundamental by an 
angle which is greater than 30 deg. and less than 180 deg. 

3. Considering the maximum of the fundamental as unity, 
the maximum of this harmonic cannot exceed a definite value 
of about 0.192 for ^==30 deg. and 0.333 for ^ = 180 cleg. 
(See following table). 


809 
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LIMITING VALUES OF ^ AND fj: FOR VARIOUS VALUES OF i) 


<}> 






0° 

0.111 

0° 

40° 6' 

0.211 

29° 34' 


0.112 

5° 41' 

45° 14' 

1 

0.220 

29° 6' 


0.113 

7° 59' 

46° 34' 

0.222 

27° 43' 


0.116 

11° 8' 

57° 44' 

0.240 

27° 28' 

1° 17' 

0.120 

16° 20' 

60° 42' 

0.244 

27° 1' 

r 4:5' 

0.122 

•16° 54' 

71° 44' 

0.260 

25° 8' 

4° 48' 

0.133 

22° 30' 

76° 48' 

0.267 

24° 9' 

6° 55' 

0.140 

24° 28' 

87° 47' 

0.280 

21° 56' 

8° 34' 

0.144 

25° 35' 

95° 54' 

0.289 

20° 12' 

12° 52' 

0.156 

27° 40' 

107° 16' 

0.300 

18° 4' 

14° 15' 

0.160 

28° 15' 

120° 40' 

0.311 

14° 34' 

17° 37' 

0.167 

28° 57' 

134° 4' 

0.320 

11° 22' 

22° 44' 

0.178 

29° 41' 

143° 35' 

0.322 

10° 23' 

o 

CO 

0.180 

29° 47' 

157° 18' 

0.330 

5° 43' 

30° 39' 

0.192 

30° 00' 

180° 

0.333 

0° ■ 

33° 59' 

0.200 

29° 56' 


1 



DATA RELATIVE TO COMPLEX CURVES 




a 

^ ' 

I 

I' 

0° 

0.111 

0° 

0° 

1.006 

0.8890 

2° 

0.122 

16° 54' 

17° 

1.007 

0.8832 

5° 

0.135 

22° 48' 

23° 

1.009 

0.8833 

20° 

0.172 

29° 

29° 30' 

1.015 

0.9250 

30° 

0.193 

29° 33' 

30° 

1.019 

0.9624 

45° 

0.220 

• 28° 38' 

29° 22' 

1.024 

0.9868 ' 

90° 

0.283 

19° 36' 

20° 30' 

1.039 

1.1850 

135° 

0,321 

10° 12' 

10° 45' 

1.050 

1 .2950 

180° 

IS t.hA nboco folo 

0.333 

0° 

11 

0° 

——-_j 

1.053 

.1.3330 


^ icietuiuii OI File Cilird harmnmV> ^ j , .....- .. - 

0 IS the ratio of the maximum ordinates of th^ fundlmenSf aJfd fL*\°''igin. 

,, . , tutidamental and third harmonic (critical 

0 IS tne phase diiierence between the mavi’-mo +t, j* ^ ^ 

§0-(6 s lag of fundamental component of “ur^ent^behfndl^m fundamental curves. 

90- a IS lag of equivalent sine current behind I m f 

curve, respective.., the 

4. The angle of hysteretic advance due to the third hai-monif 
cannot exceed 30 degs. naimonic 

a coil, the 

tne magnetic flux threading the coil will likewise be 
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sinusoidal, and in phase 90 deg. behind the electromotive force, 
whether the coil embraces iron or not. 

6. That the maximum of the current wave must coincide with 
the maximum of the flux. If the coil embraces iron, the maxi¬ 
mum flux coincides with the maximum of the complex wave; 
if the coil does not embrace iron, the flux coincides with the 
sinusoidal current wave. 



Fig. 1.—Phase relation of cur¬ 
rent, voltage and flux in a 
coil not encircling iron 


Fig. 1A.—Phase relation of 
current, voltage and flux in 
a coil encircling iron 


The first four conclusions are drawn from figures given in the 
preceding tables taken from the paper referred to. 

Conclusions 5 and 6 are illustrated in Fig. I, '‘Phase relation 
of current, voltage and fiux in a coil not encircling iron ”, and 
in Fig. 1 A, “ Phase relation of current, voltage and flux in a 
coil encircling iron.” 

From the writer’s experience, he was led to believe that the 
value of the third harmonic was not limited to the figures given 
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SHEET L 

three single-phase 60-cycle, 150-kw., 4150 
in ciiKc+o+'^^^^ivr^^ 4S0-volt secondary transformers, installed 

RocheA^^^^^ Y°' Rochester Railway and Light Company, 

Reutral Isolated—Delta Closed 



Curve No. 1 
Potential, line to line, 
4293 volts. 



Curve No. 2 
Potential across one 
transformer (i.e., line 
to neutral), 2422 volts. 



Curve No. 3 
, Current in line (le., 
m transformer), 1.2 am¬ 
peres. 



Curve No. 4 
Potential across iso¬ 
lated neutral (i.e. neu¬ 
tral to ground), 125 volts 



Curve No. 5 
Current in closed 
secondary delta, 2 35 
amperes. 
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SHEET 2 

Oscillograms observed on three single-phase, 60-cycle, lS5-kw., 4150- 
yolt Y-connected primary, 480'Volt secondary transformers, installed 
in substation Mo. 34 of the Rochester Railway & Light Co., Rocliester, 
hJ". . 

Neutral Connected—Delta Closed 



Curve No. G 
Potential, line to line, 
4342 volts. 



Curve No. 7 
Potential across one 
transformer, 2540 volts. 



Curve No. 8 
Current in line, 39,5 
amperes. 



HHH 


Curve No. 9 
Current in connected 
neutral, 122 amperes. 



Curve No. 10 
Current in closed sec¬ 
ondary delta, 180 am 
peres. 
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SHEET 3 

60-cycle, 185-kw., 4150- 

substatinn IVn ^4 secondary transformers, installed in 

substation No. o4 of the Rochester Railway & Light Co., Rochester, N. Y 


Rsutral Connected—Delta Open 



Curve No. 11 
Potential, line to line, 
4233 volts. 



Curve No. 12 
Potential across one 
transformer, 2453 volts 



Curve No. 13 
Current in line, 1.65 
amperes. 



Curve No. 14 
Current in connected 
neutral, 1.45 amperes. 



Curve No. 15 
Potential across open 
secondary delta, 73 volts 
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Oscillograms observed on three-single phase, 60-cycle, lS5-kw., 4150- 
volt Y-connected primary, 480-volt secondary transformers, installed in 
substation No. 34 of the Rochester Railway & Light Co., Rochester, N. Y. 

Neutral Isolated—Delta Open 




Curve No. 17 
Potential across one trans¬ 
former, 2705 volts. 




Curve No. 19 

Potential across isolated neu¬ 
tral, 1041 volts. 



Curve No, 20 

Potential across open second¬ 
ary delta, 720 volts. 
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SHEET 5 

oo single-phase, core-type, 25-cycle, 185-kw. 

o^,UU(i-volt primary, 430-volt secondary transformer, connected single 
phase. * 



Curve No. 21 

Current at 22.6 kilolines. 
3.48 amperes. 



Curve No, 22 

Current at 45.2 kilolines, 
5.49 amperes. 



Curve No. 23 

Current at 67.9 kololines, 
12.5 amperes. 



Curve No. 24 

Current at 90.5 kilolines, 
35.8 amperes. 



Curve No. 26 

Potential at 90.5 kilolines 
430 volts. 
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SHEET 6 

Oscillograms taken on one three-phase, core-type, 25-cycle, 40-kw., 
2300-volt Y-connected primary, 460-volt delta-connected secondary 
transformer. Density, 106.4 kilolines. 

Isolated Neutral—Closed Delta 


Curve No. 28 

Potential, line to line, 2875 volts. 




Curve No. 29 

Potential across leg 1, line 1 to neutral) 
1650 volts. 



Curve No. 30 

Potential across leg 2, 1650 volts. 




Curve No. 32 

Current in line 1. 3.36 amperes. 



Curve No. 33 

Current in line 2, 2.76 amperes. 



BB BWIBW Curve No. 35 

WW MgiMWWWBI Current in closed secondary delta, 2.93 
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SHEET 7 

Oscillograms taken on one three-phase, core-type, 25-cycle, 40-kw., 
2300-volt Y-connected primary, 460-volt delta-connected secondary 
transformer. Density, 106.4 kilolines. 

Connected Neutral—Closed Delta 



Curve No. 36 

Potential line to line, 2875 volts. 



Curve No. 37 

Potential across leg 1, 1652,5 volts, 
kilolines, 662 volts.) 


(42.55 



Curve No. 38 

Potential across leg 2, 1652.5 volts. 



Curve No. 39 

Potential across leg 3, 1652.5 volts. 



Curve No. 40 

Current in line 1, 3.16 amperes. 



Curve No. 41 

Current in line 2, 2.56 amperes. 



Curve No. 42 

Current in line 3, 3.26 amperes. 




Curve No. 43 

Current in connected neutral, 0.7 amperes. 


Curve No. 44 

Current in closed secondary delta, 3.0 amperes 
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SHEET 8 

Oscillograms taken on one three-phase 
2300-volt Y-connected primary, 460-volt 
transformer. Density, 106.4 kilolines. 


core-type, 25-cycle, 40-kw., 
delta-connected secondary 


Connected Neutral—Open Delta 




. . , Curve No. 45 
Potential, line to line, 2875 volts. 


Curve No. 46 

Potential across leg 1, 1652.5 volts. 



_ . Curve No. 47 

Potential across leg. 2, 1652.5 volts. 



Curve No. 48 

Potential across leg 3, 1652,5 volts. 



Curve No. 49 

Current in line 1, 2.96 amperes. 


Curve No. 50 

Current in line 2, 2.76 amperes. 



Curve No. 51 

Current in line 3, 3.16 amperes. 



Curve No. 52 

Current in connected neutral, 3.25 amperes. 



Curve No. 53 

Potential across open secondary delta, 4 volt$. 
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three-phase, core-type, 25-cycle 

2d00-volt Y-connected primary, 460-volt delta-connected sec 
transformer. Density, 106.4 kilolines. 

Isolated Neutral—Open Delta 



Curve No. 54 

Potential, line to line, 2875 volts. 




Curve No. 55 

Potential across leg 1, 1655 volts. 


Curve No. 56 

Potential across leg 2, 1655 volts. 



Curve No. 57 

Potential across leg 3, 1655 volts. 


taHWH 


Curve No. 58 

Current in line 1, 3.32 amperes. 



Curve No. 59 

Current in line 2, 2.64 amperes. 



Curve No. 60 

Current in line 3, 2.94 amperes. 



Curve No. 61 

Potential across isolated neutral, .135 vc 



. Curve No. 62 

Potential across open secondary delta 
volts. 
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Oscillograms taken on three single-phase, core-type, 25-cycle, 25-kw., 
2300-volt delta-connected primary. 460-volt Y-connected secondary 
transformers. 

Isolated Neutral—Closed Delta 


Curve No. 63 
Potential line to 
line, 795 volts. 


Curve No. 64 
Potential across 
one transformer 
{i.e., line to neu¬ 
tral), 462.5 volts. 


Curve No. 65 
^ Current in line 
transform¬ 
er), 5.81 amperes. 



Curve No. 66 
Current in closed 
primary delta, 
0,63 ampere. 
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SHEET 11 

Oscillograms taken on three single-phase core-type, 25-cycle, 25-kw., 
2300-volt delta-connected primary, 460-volt Y-connected secondary 
transformers. 

Connected Neutral—Closed Delta 




Curve No. 67 
Potential line to 
line, 795 volts. 



Curve No. 68 
Potential across 
one transformer, 
462.5 volts. 



Curve No. 69 
. Current in line, 
3.88 amperes. 



Curve No, 70 
Current in con¬ 
nected neutral, 
0.76 ampere. 
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SHEET 12 

Oscillograms taken on three single-phase, core-type, 25-cycle, 25-kw., 
2300-volt delta-connected primary, 460-volt Y-connected secondary 
transformers. 

Connected Neutral—Open Delta 



Curve No. 71 

Potential line to line, 795 
volts. 


Curve No. 72 
Potential across one trans 
former, 462.5 volts. 




Curve No. 73 
Current in line, 5.94 am 
peres. 



Curve No. 74 

Current in connected neu¬ 
tral, 9.45 amperes. 



Curve No. 75 

Potential across open pri¬ 
mary delta, 24.5 volts. 
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SHEET 13 

Oscillograms taken on three single-phase, core-type, 25-cycle, 25-kw , 
2300-volt delta-connected primary, 460-volt Y-connected secondary 
transformers. 

Isolated Neutral—Open Delta 



Curve No. 77 

Potential across one trans¬ 
former, 525 volts. 




Curve No. 78 

Current in line, 3.37 am¬ 
peres. 



Curve No. 79 

Potential to isolated neutral, 
257 volts. 



Curve No. 80 

Potential across open pri¬ 
mary delta, 3780 volts. 
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SHEET 14 

Oscillograms taken on one three-phase, shell-type, 60-cycle, 330-kw., 
13,200-volt delta-connected primary, 430-volt Y-connected secondary 
transformer. 

Isolated Neutral—Closed Delta 




Curve No. 81 

Potential, line to line, 745 
volts. 



Curve No, 82 

Potential across one leg {i.e 
line to neutral), 430 volts. 
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SHEET 15 

Oscillograms taken on one three-phase, shell-type, 60-cycle, 330-kw., 
13,200-volt delta-connected primary, 430-volt Y-connected secondary 
transformer. 

Connected Neutral—Closed Delta 






Curve No. 89 

Current in line 2, 45.6 amperes. 


Curve No. 90 

CuiTent in line 3, 57.8 amperes. 



Curve No. 91 

Current in connected neutral, 
3.5 amperes . 
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SHEET 16 

Oscillograms taken on one three-phase, shell-type, 60-cycle, 330-kw., 
13,200-volt delta-connected primary, 430-volt Y-connected secondary, 
transformer. 

Connected Neutral—Open Delta 



Curve No. 92 

Potential, line to line, 745 volts. 





Curve No. 93 

Potential across one leg, 430 volts. 


Curve No. 94 

Current in line 1, 64.2 amperes. 


Curve No. 95 

Current in line 2, 57.8 amperes. 



Curve No. 96 

Current in line 3, 60 amperes. 



Curve No. 97 

Current in connected neutral, 
24.9 amperes. 
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1 shell-type, 60-cycle, 430-kw., 

id,^OU-volt delta-connected primary, 430-volt Y-connected secondary 
transformer. 

Isolated Neutral—Open Delta 



Curve No. 98 

Potential, line to line, 745 volts. 



Curve No. 99 

Potential across one leg, 460 volts. 



Curve No. 100 

Current in line 1, 53.7 amperes. 



Curve No. 101 

Current in line 2, 36,6 amperes. 



Curve No. 102 

Current in line 3, 53.7 amperes. 





Curve No. 103 

Potential to isolated neutral, 102.2 
volts. 



^ Curve No. 104 

^ across open primary 

delta, 9580 volts. .y 
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SHEET 18 

Oscillograms taken on one three-phase, balanced core-type, 60-cycle, 
200-k'w., 4600-volt delta-connected primary, 2300-volt Y-connected 
secondary transformer. 

Isolated Keutral—Closed Delta 



Curve No. 105 
Potential, line to line, 3980 
volts. 



Curve No. 106 
Potential across ‘ one leg 
{i.e., line to neutral), 2275 volts 


Curve No. 107 
Current in line 1, 2.0 am¬ 
peres. 
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SHEET 19 

three-phase, balanced core-type, 60-cycle, 
200-kw., 4600-volt delta-connected primary, 2300-volt Y-connected 
secondary transformer. 


Connected Heutral—Closed Delta 



Curve No. 110 
Potential, line to line, 3980 
volts. 





Curve No. 113 
Current in line 2, 1.88 am¬ 
peres. 
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SHEET 20 

Oscillograms taken on one three-phase, balanced core-type, 60-cycle, 
200-kw., 4600-volt delta-connected primary, 2300-volt Y-connected 
secondary transformer. 

Connected Neutral—Open Delta 



Curve No. 115 ^ 
Potential, line to line, 
3980 volts. 



Curve No. 116 
Potential across 
leg, 2275 volts. 


one 



Curve No. 117 
Current in line 
1.58 amperes. 



Curve No. 118 
Current in line 3, 
1.6 amperes. 
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SHEET 21 

taken on one three-phase, balanced core-type, 60-cycle, 
200-kw., 4600-volt delta-connected primary, 2300-volt Y-connected 
secondary transformer. 

. Isolated Neutral—Open Delta 



Curve No. 119 
Potential, line to line, 3980 
volts. 



Curve No. 120 
Potential across one lee: 
2275 volts. 



Curve No. 121 
Current in line 1, 1.82 am¬ 
peres. 



Curve No. 122 
Current in line 2, 1.70 am- 
peres. 



Curve No. 123 
Current in line 3, 1.80 am- 
peres. 
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SHEET 22 

taken on three single-phase, core-type, 25-cycle, 25-kw., 
2300-volt delta-connected primary, 460-volt delta-connected secondary. 

Primary, Closed Delta—Secondary, Closed Delta 



Curve No. 124 
Potential, line to line, 460 
volts. 



Curve No. 125 
Current in line 1, 11.4 am¬ 
peres. 





■ Curve No. 128 
Current in primary delta, 
7.1 amperes. 
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SHEET 23 

Oscillograms taken on three single-phase, core-type, 25-cycle, 25-kw., 
2300-volt delta-connected primary, 460-volt delta-connected secondary. 


Primary, Closed Delta—Secondary, Open Delta 



Curve No. 130 

Current in line 1, 11.4 amperes. 




Curve No. 131 

Current in line 2, 9.95 amperes. 



Curve No. 132 

Current in line 3, 9.7 amperes. 



Curve No. 133 

Current in primary delta, 7.1 am¬ 
peres. 



Curve No. 134 

Potential across open secondary 
delta, 4.7 volts. 
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SHEET 24 

Oscillograms taken on three single-phase, core-type, 25-cycle, 26-kw., 
2300-volt delta-connected primary, 460-volt delta-connected secondary. 

Primary, Open Delta—Secondary, Open Delta 




CiTRVB No. 135 

Potential across one leg of primary 
2280 volts. 



Curve No. 136 

Potential, line 1 to line 3,460 volts. 


Curve No. 137 

Potential, line 1 to line 2,460 volts. 




Curve No. 138 

Potential, line 2 to line 3,460 volts. 




Curve No. 140 

Current in line 2 7.5 amperes. 


Curve No. 141 

Current in line 3, 5.7 amperes 
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Sheet 25 

Oscillograms taken on one three-phase, core-type, 25-cycle, 40-kw., 
2300-volt delta-connected primary, 460-volt delta-connected secondary. 

Primary, Closed Delta—Secondary, Closed Delta 



Curve No. 142 
Potential, line to line, 430 
volts. 




Curve No. 144 
Current in line 2, 4.05 am¬ 
peres. 



Curve No. 145 
Current in line 3, 3.6 am¬ 
peres. 



Curve No. 146 
Current in primary delta, 
2.98 amperes. 
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SHEET 26 

Osciilograms taken on one three-phase, core-type, 25-cycle, 40-kw., 
2300-volt delta-connected primary, 460-volt delta-connected secondary. 

Primary, Closed Delta-Secondary, Open Delta 



Curve No. 147. 
Potential, line to line, 430 
volts. 






Curve No. 151 
Current in primary delta, 
2.98 amperes. 
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SHEET 27 

Oscillograms taken on one single-phase, core-type, 25-cycle, 25-kw 
2300-volt primary, 460-volt secondary transformer. 


Single Phase 



Curve No. 152 

Potential at 22.5 kilolines. 115 
volts. 




Curve No. 153 

Potential at 45.0 kilolines, 230 
volts. 



Curve No. 154 

Potential at 90 kilolines, 460 volts 



Curve No. 155 

Potential at 112.5 kilolines, 575 
volts. 



Curve No. 156 

Potential at 135 kilolines, 675 volts. 
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SHEET 27A 

°“® single-phase, core-type, 25-cycie, 25-kw.. 
zoUO-volt primary, 460-volt secondary transformer. 


Single Phase 



Curve No. 157 

Current at 22.5 Idlolines, 0.402 
amperes. 

















840 


FRANK: HARMONICS 


[May 6 


SHEET 28 

Oscillograms taken on one alternator at; Station No. 3, Rochester Rail¬ 
way and Light Co., Rochester, N. Y. Connected neutral, 24 poles, 
2100-kw., 300 rev. per min., 4150 volts. 

Load 1500 kw. 



Curve No. 162 

Potential wave, line A to line B, 
4440 volts. 



^ Curve No. 163 

Potential wave, neutral to line C, 
2560 volts. 


Isolated neutral, 80 poles, 1360 kw., 
90 rev. per min., 2600 volts 

Curve No. 164 

Potential wave, line A to line B 
(no load), 4357 volts. 


Curve No. 165 

Potential wave, neutral to line A 
(no load), 2455 volts. 


Curve No. 160 

Potential wave, neutral to line C 
(no load), 2455 volts. 


Isolated neiitral, 10 poles, 3000 kw., 
720 rev. per toin., 4150 volts 

Curve No. 167 

Potential wave, neutral to line C 
(no load), 2487 volts. 
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SHEET 29 

Oscillograms taken on one alternator at Station No. 5, Rochester Rail¬ 
way and Light Co., Rochester, N. Y. Isolated neutral, 22 poles, 1200-kw., 
327 rev. per min ,4150 volts. 


Curve No. 168 

Potential wave, line to line (no 
load), 4230 volts. 




Curve No. 169 

Potential wave, neutral to line 
(no load), 2718 volts. 



Isolated neutral, 16 poles, 360 kw., 
450 rev. per min., 2500 volts 

Curve No. 170 

Potential wave, line to line (no 
load), 4457 volts. 


Curve No. 171 

Potential wave, neutral to line 
(no load), 2540 volts. 




Isolated neutral, 24 poles, 630 kw., 
300 rev. per min., 4150 volts. 
Frequency Changer 

Curve No. 172 - 

Potential wave, line to line (no 
load), 4083 volts. 



Curve No. 173 

Potential wave, neutral to line 
(no load), 2277 volts. 
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SHEET 30 

Oscillograms taken on one alternator at Station No. 15, Rochester 
Railway and Light Co., Rochester, N. Y. Connected neutral, 36 poles, 
500 kw., 200 rev. per min., 4150 volts. 



Curve No. 174 
Potential wave, 
line A to line B 
(no load), 4,373 
volts. 



Curve No. 175 
Potential wave, 
neutral to line C 
(no load), 2,400 
volts. 



Feeders at Station 
No. 34, Rochester 
Railway and Light 
Co., Rochester, 
N.Y. Transformers 
disconnected 

Curve No. 176 
Potential wave, 
line to line (no 
load), 4313 volts. 



Curve No. 177 
Potential wave, 
ground to line 
(load, 500 kw.), 
synchronous mo¬ 
tor and 450“kw, 
transformer, 2473 
volts. 
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in the above tables, as these conclusions were drawn without 
consideration of any harmonics higher than the third which 
might be present in the wave shape of the exciting current of 
the average commercial transformer. A series of tests and in¬ 
vestigations with the oscillograph was, therefore, undertaken 
to check this opinion on the subject and at the same time 
to make evident, if possible, that the investigation and dis¬ 
cussion of current and potential wave shapes has scientific 
value not only from a theoretical view point, but has great practi¬ 
cal value from the operating standpoint as well. It has great 
bearing on the successful operation of every large alternating 
current distributing system and must be so considered, as a 



Fig. 2.—Oscillograph showing photographic and tracing attachment 

disregard of the importance or effect of this distortion may lead 
to dangerous conditions and disastrous results. 

Oscillograms of current and potential wave shapes discussed 
in the succeeding pages of the paper were taken by an oscillo¬ 
graph similar to that described in the paper by L. T. Robinson, 
Transactions of the American Institute of Electrical Engineers, 

Vol. 24, and shown in Figs. 2 and 3. 

As the two half cycles of the oscillograph curve are sym¬ 
metrical, it is necessary for the analysis and subsequent dis¬ 
cussion to consider only the first half cycle, which part on an 
enlarged scale has been transferred by means of a dividing engine 
to coordinate paper, and resolved into its component curves, of 
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the first, third and fifth, etc., frequencies, by the method de¬ 
scribed by Professor S. P. Thompson in his book on Dynamo 
Electric Machinery, Vol. II, and which is given in the appendix 
to this paper, together with a complete analysis of curve No. 78, 
Sheet 13, the analysis of which is shown in Fig. 17. The ac¬ 
curacy of the method has been tested by comparing the original 
complex wave with the complex wave formed by combining the 
several component curves. In every case, the two complex 
waves are almost identical. 

Plotting of Hysteresis Loop 

As a basis for discussion, and as representative of a size 
and voltage commonly found in practice, a 25-cycle, 185-kw., 



Fig. 3.—Oscillograph galvanometer 


33,000-volt primary, 430-volt secondary transformer was se¬ 
lected, on which oscillograms of exciting current were taken with 
strictly sinusoidal potential applied. Sheet 5 shows the oscillo¬ 
grams corresponding to different densities. The analysis of 
these curves, given in Figs. 4, 5, 6 and 7, show the characteristic 
distortion due to the presence of the harmonics. In these fimires 
the curves marked “ complex wave ” correspond to the oSuio 
grams on Sheet 5. These complex waves, by the method previ¬ 
ously referred to, have been resolved into their component sine 
waves. The following table gives the values of the maxima of 
these several curves in terms of the maximum of the complex 
and also in terms of the maximum of the fundamental wave. 
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Decrees 


Max. complex wave = lOG' 

= 102.6 6^ 16' 

Ra == 17.0 ^3 = 27® 9' 25% excitation 

^6 = 4.0 05 = 58® 38' 

Fig. 4. —Analysis of oscillogram No. 21 Sheet No. 5 



Decrees 


Max. complex wave =100 
R^ = 90.7 01 = -11® 52' 

R^ = 23.3 03 30® 43' 50% excitation 

R^ = 6.6 05 = 66® 52' 

Fig. 5.— Analysis of oscillogram No. 22 Sheet No. 5 
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Fig. 7 





Max. complex wave = 100 

= 69.4 =* —23° 50' 75 .per cent exci* 

i^3 == 28.2 ^3 = 45° 30' 

^5 7.7 (^5 = 120 '" 0 ' 

.—Analysis of oscillogram No. 23 Sheet No. 5 


I 

I 

i 

•k 

I 

I 

>o 



Decrees 


Max. complex wave = 100 

Rj = 65.0 <j>i — —27° 1' 100 per cent excif, 

Ka = 29.9 ^3 = 73“ 56' 

/?5 = 6.2 = 170 “ 24 ' 

-Analysis of oscillogram No. 24 Sheet No. 5 
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TABLE I. 

DATA RELATIVE TO CURVE IN FIGS. 4-7 
25-cycle, 185-kw., 33.000-volt primary, 430-volt secondary, single-phase transformer 



Relative values of 
maxima in terms of 
complex wave 

Relative value of maxima 
in terms of fundamental 
wave 


Density per sq. in. 
kilolines 

Complex wave 
per cent 

Fundamental 
per cent 

Third harmonic 
per cent 

Fifth harmonic 
per cent 

Fundamental 
per cent 

Third harmonic 
per cent 

Fifth harmonic 
per cent 

Complex wave 
per cent 

Amperes effective 

Core loss watts 

Angle of advance of 
3d over fund in terms 
of fundamentals 

Angle of hysteretic 
advance 

1 

22.6 

100 

102.6 

17 

4.0 

100 

16.6 

3.9 

97.5 

3.48 

233 

15® 

31® 

45.25 

100 

90.7 

23.3 

6.6 

100 

25.5 

7.3 

110.0 

5.49 

730 

22® 

34® 

61.9 

100 

69.2 

28.8 

7.7 

100 

41.6 

11.1 

144.5 

12.5 

1488 

39® 

21® 

90.5 

100 

65.0 

29.9 

6.2 

100 

46 

9.6 

154 

35.8 

2575 

52® 

9® 


Fig. 8 gives the square root of the mean square value of 
exciting current and core loss on this transformer at different 

densities. 

It will be seen that these figures do not bear out the conclu¬ 
sion drawn by Dr. Bedell and Mr. Tuttle. It wUI be noted 
that (b, the angle between the third and the fundamen a a, 
origin, is not limited to values between 30 degs. and 180 degs. 
but may vary between greater ranges of value. The e o 
hysteretic advance, or the angle between the maiamum of the 
fundamental and the maximum flux, may be 
as shown in Fig. 5. No doubt the explanation for 
to the fact that in the former discussion, only the 
and the third harmonic were considered as ^0™^ P 

wave, whereas in the present instance, it .f ! 

the fifth, in addition to the fundamental and t e ir , 

in the complex waves. _ fhp mnclusion 

From these curves and the table given above, the conclusi 

„r,Te dS™ that the amplitude of the third hannouie 
creases with the density ,in the core, 

dependent, to a certain extent, on the value of the other tug 

harmonics also present in the current wave^ represent the 
In Figs. 5 and 7, curves have been added to «P™y ® 

fill Y and in accordance with conclusion 6, page 66 , e 

flux and, in accoruuutoc TnaYimum of the complex 

of the flux is shown in phase with the m represents a 

wave. Ih Fig. 5. *1>. 
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density equal to 45.2 kilolines per square inch, while in Fig. 7, 
it represents a density of 90.5 kilolines per square inch. 

For a further discussion of the curves, the fundamental wave 
has been resolved into two sinusoidal curves whose maxima are 
90 deg. apart; one Fe in phase with the voltage, and one Fw 
in phase with the flux. The former, in phase with the voltage, 
represents energy given to the core; that is, hysteretic loss. The 
latter, 90 deg. out of phase with the voltage and consequently 
in phase with the flux, represents no power; that is, wattless or 
that part of the current required merely to magnetize the core. 
The complex wave, i.e.^ the oscillogram, has, therefore, been 
resolved into four component parts; two of fundamental fre- 
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exciting current and losses single-phase core type 
25-cycle, lS5-kw. 33.000-volt primary, 430-volt secondary transformer. 


quency one, in phase with the flux, the other, F. in phase 
with the voltage—and one curve of three times fundamental 
frequency and one curve of five times fundamental frequency. 

Using a system of rectangular coordinates, and plotting 
loops with these various curves in conjunction with the curve of 
nux, some mteresting results follow:, 

1. Using the complex current and the sinusoidal flux wave, the 
well-known hysteresis loop may be plotted whose area is equal 
to, or rather represents, the energy given to the core for any 
particular induction. In Figs. 9 and 12, the loop marked L., 

Ind “responding to a density in the core of 45.2 kilolines 
and 90.5 kilolmes per sq. in. respectively. 
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Cent Ci/j^re/7f 


Fig. 9.—Loops plotted from oscillogram No. 21 sheet No. 5 and oscillo¬ 
gram No. 26 Sheet No. 5 



Fig. 10.—Curves obtained from oscillogram No. 22 Sheet No. 5 -d 

oscillogram No. 26 sheet No. 5 





, Current- Per Cent of ffaximum 


850 


FRANK: HARMONICS 


[May 6 


2. Using the fundamental component of the current wave 
instead of the complex’ wave, i.e., the complex wave minus the 
higher harmonics, and the sinusoidal flux curve, an elliptical 
loop, marked Lf, results, of the same area as the distorted loop. 
This indicates that the same energy is given to the core. The 
conclusion to be drawn is, that with sinusoidal potential applied, 
the higher harmonics in the current wave are not produced by, 
or do not produce, the energy loss in the core. 

3. Using the wattless component Fw oi the fundamental and 



Fig. 11.—Curves obtained from oscillogram No. 22 sheet No. 5 and 

oscillogram No. 26 sheet No. 5 


the sinusoidal flux wave, the straight line curve a, Fig. 9, is ob¬ 
tained, passing through zero and intersecting the ellipse at the 
point P. Since the wattless component of the current is used in 
conjunction with the flux curve, the figure should enclose no 
area, as it represents no loss. It should be noted that the loca¬ 
tion or relative position of this line a is determined by the mag¬ 
netizing component of the fundamental of the exciting current. 
The point P^ the intersection of the straight line a with the 
ellipse, may be predetermined by using the amplitude of the 
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wattless component of the fundamental as abscissa, plotted 
against the maximum of the flux as an ordinate. This point P 
and zero determine the direction of the line. If the magnetizing 
component of the fundamental were small compared with the 
energy component, the angle made by this line a with the vertical 
axis would be small, and were this component large, the angle 
made by the line a with the vertical would be large. Should 
it be possible for this component to equal zero, the line a would 
be vertical and would coincide with the vertical axis of ordinates. 

4. Uniting the energy component of the fundamental with the 
higher harmonics, the curve shown in Figs. 10 and 13, marked 



Per Ce/?f Cu/re/?f 

Fig. 12 .— d.urves ■ plotted from oscillogram No. 24 sheet No. 5 and 

oscillogram No 26 sheet No. 5 


follows. Fe is the energy" component jof the funda¬ 
mental, as shown in Figs. 5 a.nd 7, and curve FL is the sum of 
the harmonics 5 the complex wave minus the fundarnental. 
Using ordinates of this curve Fe\F as abscissa, and line a as 
an axis, the original hysteresis loop Lc, Fig. 9 will result.^ The 
ordinates of this curve Fe+H, Fig. 10,. above the zero line are 
plotted to the right of line a. Fig. 9, and the ordinates of F.+H, 
Fig. 10, below, the zero line are plotted to the left of line a. Fig. 9. 
Since the sinusoidal flux wave has again been combined with the 
energy wattless, and harmonic components of the current, the 
resultah figure should be the hysteresis loop originally plotted. 

5 Using the energy component F« of the fundamental, and 
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the sinusoidal flux wave, an ellipse or circle will result, not 
shown, but vertical with respect to the axis of coordinates. 

6. Using the wattless component of the fundamental Fw, 
Fig. 10, and all the harmonics in phase with the flux, curve H, 
Fig. 10, and plotting a curve with the flux, the line h, Figs. 9 and 
12 results. This line should enclose no area since only wattless 
components of the current wave are used. It is analogous to 
line a, but is bent or distorted, due to the presence of harmonics. 
It represents also the average current required for rising and 
falling magnetization. 



Fig. 13.—Curves plotted from oscillogram No. 24 sheet No. 5 and oscillo¬ 
gram No. 26 sheet No. 5 


7. Considering Figs. 5 and 7, attention is called to the fact 
that the maximum of the third and of the fifth harmonic are not 
in phase with the maximum of the flux or of the complex wave. 
If these harmonics are resolved into component parts in phase 
with the flux and in phase with the voltage, and these com¬ 
ponents added to similar ones of the fundamental, curves Cu»and 
Ce will result. These curves may also be obtained from curves 
given in Figs. 5 and 9, as follows: 

Ce may be obtained by using as ordinates the abscissa between 
line h and the hysteresis loop; curve Cw by using as ordinates 
the abscissa between the vertical axis and the line 6. 




1910] 


FRANK: HARMONICS 


853 


It is interesting to note that the area enclosed between the 
curve Fe, Fig. 11, and the horizontal axis, is equal to the area 
enclosed between the horizontal axis and the curve 6'^, Fig. 11. 
Since this area, in a certain sense, represents the energy supplied 
the core, we can again conclude that the harmonics do not affect 
the loss in the core. 

The general conclusion to be drawn from these tests and the 
interpretation of the various curves plotted is that in transform¬ 
ers the distortion of the current wave shape is neither^ a cause 
nor an effect of the energy loss in the core, but results only from 
the varying permeability of the steel. The amount of the dis¬ 
tortion varies with the density, since the greater the density the 



Fig. 14.—Three, single-phase, core-type, 25-cycle, 25-kw.^ 2300-volt 
primary, 460 volt secondary transformers used in observing third 

harmonics 


more prominent are the higher harmonics, such as the third, 
fifth, seventh, ninth, etc. 

Investigation of Interconnected Transformers 
As an extension to the investigation of a single-phase trans 
former, observations of harmonics in current and potentia 
wave shapes of interconnected transformers were made. Witn 
three transformers, the Y-connection is the most common and 
without doubt, the most important connection. hor_these 
observations, three single-phase, core-type, 25-cycle, ..5-kw., 
2300-volt primary, 460-volt secondary transformers 
lected, and oscillograms taken of current and potential at di - 
ferent densities in the core. The small capacity was selected 
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so that the potential wave shape of the relatively small gencrs-'t^^' 
available would not be distorted by the current required foi- 
test; the low voltage to avoid the use of both current and poten¬ 
tial transformers in measuring current, voltage, and watts. 

As preliminary and for further reference, oscillograms of 
potential and current at different densities were taken sing’lo- 
phase and are shown on Sheets 27 and 27 A. The only special 
reference to be made to these current curves is the pronounced 
flattening at the zero point for the higher densities. R.oot~ 
mean-square values are give in Table 2. 


TABLE 2 

25-cycle, 25-kw., 2300-volt primary, 46-volt;secondary transformers, connected single -pLase 


B-Kilolines 

Volts 

Amperes 

Watts 

45.0 

230 

0.75 

70. 

90.0 

460 

6.05 

280 

112.5 

575 

■27.2 

‘lY, 540/ 

•.. ■ ' 1 , . ; 


The three transformers were connected as show-n in Fig;. 15 
with the 460-volt winding Y-connected, and the 2,300~volt 
winding connected with the delta open. Current was supplied 
by a three-phase generator through three single-phase trans¬ 
formers delta-Y connected, as shown. By means of the swifcla 
at E F, the neutrals between the step-down transformers and 
the transformers under test could be connected; with the swifcli 


^/ferna:f'or 



Sfep-ifatYn Transformers 

Trernsformers unefer Ust 


Fig. 15 


at B C, the delta connection of the transformer under test could 
be closed. 

yith the switches at B C and EF open, root-mean-square 

values of current in the line and voltage across the Y, i.e., across 

X Z, X F and y Z; across the leg, i.e., 0 X, 0 Y and 0 Z; and 

across the open delta, and across the open neutral are given in 
Table 3. 
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TABLE 3 

Three 25-cycle, 25-kw., 2,300-volt primary, 460-volt secondary tra formers, connected 

open delta—isolated neutral 


Density 
in core 
kilolines 
per sq. in. 

Voltage across 

Current in line 

Watts 

Lines 

Leg 

Open 

delta 

Isolated 

neutral 

1 

2 

3 

22.5 

397.5 

244.6 

1,180 

100 

0.53 

0.54 

0.54 

167.5 

90.0 

795 

525 

3,780 

257 

3.42 

3.27 

3.42 

675 

112.5 

995 

675 

5,040 

330.5 

15.5 

14.3 

15.7 

1,650 


Oscillograms corresponding to a density of 90 kilolines per 
sq. in. are given in Sheet 13. 

Each of the three transformers would require normally for its 
magnetization a current having a triple frequency component 
similar to curve No. 159, Sheet 27A. Since the current in a 
balanced three-phase system cannot contain a triple harmonic 
(otherwise the sum of the instantaneous values would not equal 
zero), the current wave shape in Y-connected transformers cannot 
contain a triple harmonic. Necessarily, the induction in the 
core must ]pe distorted from the sine shape by an amount cor¬ 
responding to the value of the triple harmonic component in the 
current. The resulting induction in the core of each transformer 
is, therefore, represented by the potential curve No. 77, Sheet 13, 
and the current flowing in the winding, by curve No. 78, Sheet 13. 
The analyses of these curves are given in Figs. 16 and 17. 

In Fig. 16, attention is called, to the relative values of the 
maximum induction at fundamental, triple, and quintuple 
frequencies, equal to 64.5 per cent, 33.3 per cent and 2.2 per cent 
respectively, of the maximum of the complex wave. 

In Fig. 17, attention is called to the absence of the triple 
frequency component of the current and to the pronounced 
quintuple component. It will be noted also that the sum of the 
induction at triple and quintuple frequency is equal to 55 per 
cent of the maximum induction at the fundamental frequency. 

Fig. 18 shows the instantaneous values of potential across 
each of the delta-connected windings of the transformers in their 
proper phase relation to each other. The triple frequency com¬ 
ponents in the legs are in phase with each other while the funda¬ 
mental components are 120 deg. apart and their sum equals 
zero. The voltage in the delta is, therefore, represented by the 
curve C B, Fig. 18, and measured by curve No. 80, Sheet 13. 
Both curves show a triple frequency- potential equal in ampli- 
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Pegrees 

Max. complex wave = 100 
Ri = 64.5 = — 0 ° 32' 

^3 = 33.3 = 1770 50. 

^5 = 2-2 03 = -15° 58' 

Fig. 16.-—Analysis of oscillogram No. 77 sheet No. i 



Max. complex wave = 100 
Ri = 84.2 — 140 2 ' 

^ 5 = 21.9 0^^77021/ 

i ?7 = 3.2 0 ^ = 214° 43' 

Pig. 17.—Analysis of osdllogram No.'7S sheet No. 13 
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tude to three times that of the triple frequency found in each 
leg. The root-mean-square voltage read across the open delta 
is given in Table 3 and confirms the conclusion drawn from the 
discussion of the curves. 

While the sum of the instantaneous current values is equal to 
zero, the resultant distortion of the potential produces an un¬ 
balance in the voltage of the system; i.e., the sum of the in- 



18—Phase relation of voltage across legs and across open delta of 

(lelta-connected transformers 

stantaneous potential values does not equal zero as is evidenced 
by the voltage across the open delta and the open neutral. 

In Fig. 19 is shown the instantaneous values of potential 
across the transformer, 0 X and 0 Y , and across the, lines, X Y 
in their proper phase relation. It will be noted that the sum of 
the instantaneous values of 0 X and 0 Y equals the instantane¬ 
ous values of X F. The triple frequency components of voltage 
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being 60 degs. fundamental frequency, or 180 degs. triple fre¬ 
quency apart, neutralize each other, and the resultant po¬ 
tential across the Y is a sine shape. 

The potential across X Y, X Z, and Y Z is a sine curve, as 
shown by curve No. 76, Sheet 13, and by Fig. 19. By the 
connections shown in Fig. 15, a sine potential is insured across 
each leg of the delta-Y step-down transformers. It has just 
been noted that the potential across each leg, 0 X, 0 Y, and 0 Z 



Fig. 19.—Phase relation of voltage across line and across legs of Y- 

connected transformers 


is not a sine potential (see Sheet 15), so that the system is un¬ 
balanced with respect to the potential across the neutral E F 
by an amount equal to the triple frequency distortion found in 
each leg. Curve No. 79, Sheet 13, gives the observed shape. 

Root-mean-square values given in Table 3 confirm the above 
conclusions. With 795 volts applied across the Y, {i.e., X Y) 

the voltage across each leg is not (i.e., 460 volts) but 525 

V3 
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volts. Since effective voltages of different frequencies are 
added in quadrature, the value of the higher harmonic component 
is V 525^- 460^ = 253 volts, which agrees quite closely with 
257 volts actually read across the open neutral. It should be 
noted also that 253 volts is 55 per cent of 460, agreeing perfectly 
with the observation in the discussion of Fig. 16. 

Since the distortion applied to the primary winding of the 
transformer must be reproduced on the secondary winding, the 
triple frequency potential of 253 volts multiplied by the ratio 
of transformation should appear on each leg of the delta-con¬ 
nected side of the transformers. The ratio of^ transformation 
being 5:1, 5 X 253 = 1265 volts. This multiplied by 3—since 
the triple frequency voltage in the three legs is in phase- 
gives 3795 volts as against 3780 volts actually observed. 

It may be noted that with 795 volts applied across the Imes, 
2620 volts were read across each leg of the delta mdicating a 
change or error in the ratio of transformation. This fictitious 

ratio will not be observed if voltages are read f ® 

and secondary windings of each transformer. _ With 525 volts 

applied to the low teasioa winding, 2,620 volts » 

high tension winding, indicating the correct ratio, A the d. - 

crepancy between the actual ratio and this apparent 

due entirely to the triple frequency voltage it disappears as soon 

Tht 'dfslulon transformers connected as above applies 
equally well to any connection in which 

transformer forms a closed observed a triple 

isolated. In several instances, fundamental ap- 

frequency voltage equal P transformers for 

pearing on the secon ary converters were dis- 

synchronous converters, so apparently decreased 

connected, the ratio of the transforme PP • g^ji^tely 

20 per cent. This <1™" converters were put into 

disappeared as soon as the sy 

operation. noted in the observations made of 

The important detail to ^ ^he potential strains 

this Y-delta connection is ^^inding of the transformer resulting 
distributed throughou shape Excepting in small 

f.om the distorted PO^-^lY^lfS-factor oLafety is 5 or 



860 


FRANK: HARMONICS 


[May 6 


which the normal fundamental voltage is 70,000 or 80,000 volts 
and which have an insulation factor of safety of about two, as 
indicated by the test voltage of 140,000 to 160,000 volts applied, 
the application of a triple frequency voltage of 40 per cent or 
50 per cent of the fundamental may reduce the insulation factor 
of safety to 1,3 or 1.4—certainly not large enough to insure 
reliable operation. It should be noted also, from Table 3 and 
Fig. 16, that while the root-mean-square value of the potential 
is increased about 25 per cent, the maximum value of the complex 
wave is very much more increased and since the maximum is 



win losses; three single-phase. 25-oycle 

-VO primary, 460-volt secondary transformers 


25-kw. 


the puncturing voltage, the actual increase in the voltage strain 
IS not truly indicated by the root-mean-square values as given in 


The distinction between these strains and those resulting from 
high frequency surges should be clearly noted. The strains 
resulting from this potential distortion are equally distributed 
over all parts^ of the winding, while those resulting from line 
surges, short circuits or switching may affect only a small portion 
of the winding. Attention is also called to the difference in 
the losses in transformers. Referring to Table 1, we note that 
under single-phase excitation, the core loss in each transformer 
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at a density of 90 kilolines is 280 watts, or 840 for the three 
transformers, while with the same effective voltage on the trans¬ 
formers connected three-phase, the total core loss is but 675 watts. 
This difference or reduction in loss is explained by the dif¬ 
ference in the maxima of the density in the core under the dif¬ 
ferent connections. Fig. 20 brings out more clearly this dif- 
f€:rcricc in core loss tinder tlic diffcrcii't connections. 

The next step in the discussion is to observe the results ob¬ 
tained from the elimination of the potential distortion cited 
above by closing the delta. Oscillograms of current and po¬ 
tential are given on Sheet 10. The root-mean-square values 

are given in Table 4. 


TABLE 4 


25-c 


ycle, 25-kw., 2300-volt primary 


4d0-volt secondary transformers, 
isolated—delta closed. 


connected neutral 


IMCilolines 

Voltage across 

Current in line 

Watts 

Lines 

Leg 

Isolated 

neutral 

1 

2 

3 

Closed 

delta 

22.5 

397.5 

234.6 

0 

0.59 

0.58 

0.60 

0 

188 

90.0 

795 

462.5 

0 

6.30 

5.4 

5.73 

0.63 

1,030 

112.5 

995 

575 

0 

27.7 

24.0 

27.0 

3.2 

2,060 


It will be noted that the potential wave across the trans¬ 
formers, as well as across the lines X Y, has a sine s p 
'rvolt'age across the open neutral has ^ 

::uet;r" tr rurrh“en suppH.d. the 

ruTomls current n.cessa^ - —“ryi-l 

ShriTis" 

m. Sheet 10. ^ observed across the 

closing the switch aX C D consistent 

open delta, only a current, but merely the triple 

as the current is in no sens Tif>f'P'?< 5 arv to demagnetize 

frequency enciting current 

the core to ehminate the po en frequency current com- 

If, instead of suppljurg th Seeing the 

ponent by ^"^8 ‘h' ' a^^^^ , 1 , by 

r oSigrami ot Sheet L I. whl be noted that pract.cally 
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Max. complex wave = 100 

R. = 11.2 (jSj = 88° 28' 

R 3 = 83.8 = - 3 ° 24' 

= 6.0 = -87° 9 ' 

Fig. 22. —Analysi.s of 
oscillogram No. 66 
sheet No. 10 
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sine potential is applied to each of the transformers, as shown 
by oscillogram 72, and that the current wave in the transformers 
has been restored to practically the identical shape required when 
excited single-phase. A comparison of curve No. 73, sheet 12, 
and its analysis given in Fig. 23, should be made with curve No. 
159, Sheet 27. It will be noted also that the ratio of triple 
frequency current in the closed neutral to the triple frequency 
in the closed delta checks with the ratio of triple frequency voltage 



Max. complex wave =100 
= 60.0 ^i=-23° 39' 

i?3 = 30.2 ^3 = 15' 

R == 9.0 ^5 = 228^ 4' 

R^ = 2.5 ^7 == 20° 43' 

Fig. 23.—Analysis of oscillogram No. 73 sheet No. 12 


across the open neutral to the voltage across the open delta. 

Root-mean-square values are given in Table 5. 

TABLE 5 

Tliree sinrie-ohase core type. 25-cycle, 26-kw., 2300-volt primary, 460-volt ^secondary 
Three single connected delta open-neutral connected _ 


Voltage across 


Open 


B-KiloHnes Lines Leg delta 


Current in line 


Con¬ 
nected Watts 
neutral 


22.5 

90.0 

112.5 


397.5 232.9 0 0.60 0.64 

795 462.5 24.5 6.51 4.83 

575 135 33 26 


0.59 

6,48 

31.7 


0.455 

9.45 

46.5 


1,975 
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The final investigation is to note the condition existing with 

both the neutral and the delta closed. Oscillograms are given 

on Sheet 11; analyses of curves No. 69 and No. 70 are given in 

Figs. 24 and 25. Root-mean-square values are given in Table 6. 

In ordei to bring out more clearly the difference in core loss 

in the transformers under different excitations and different 

connections, the observations have been plotted in curves shown 
in Fig. 20; 


Fig. 



Max. complex wave = 100 


Ri = 93.2 
Rz = 9.4 
R^ = 14.9 
Rj = 3.8 
24.—Analysis of 


4>i = 2° 50' 

<pz = 1° 49' 

^5 =-33° 9' 

= 130° 17' 

oscillogram No. 09 sheet No. 11 


Three 


. , xnojuJl O 

single-phase, core type, 25-cvcle 9 Qnn , i.. 

transformers connected delta cioid-ne!itrarS,nnectfd° 


secondary, 


B-Kilolines 

Voltage 

across 

Current in line 

Watts 

Lines 

Leg 

1 

2 

3 

Closed 

delta 

Connected 

neutral 

22.5 

90.0 

112.5 

397.5 

795 

995 

234.2 

462.5 

575 

0.3 

4.08 

27 

0.28 

3.45 

24.5 

0.3 

4.11 

27.5 

0 

0.62 

3.2 

0 

0.76 

1.13 

127.5 

975 

2.290 









1910] 


FRANK: HARMONICS 


865 


Observations on a Three-Phase Core Type Transformer 

The next step in the investigation was to observe the wave 
shapes of current and potential on a three-phase core type 
transformer and to note the influence of the difference in the 
magnetic circuit of such a transformer as compared with the 
magnetic circuit of three single-phase transformers. Fig. 26 
showsthe three-phase core type transformer used in this investiga- 



Max. complex wave = 100 


^1 ' 
R, 

Ru 


68.1 

14.2 

27.3 
17.1 

4.9 
: 10.9 


= 

^5 =■ 
^7 “ 

4^9 ~ 
4u = 


4° 55' 
132° 32' 
- 30° 48' 
246° 35' 
46° 25' 
70° 44' 


Fig. 25. —Analysis of oscillogram No. 70 sheet No. 11 


tion. As before, a transformer of low voltage and small capacity 
was selected so that the potential wave shapes applied by the 
generator would not be distorted by the current required for the 
test. It should be noted that the magnetization of each of the 
three legs of the three-phase core is not the result of the current 
flowing in the coil surrounding it, but is imposed by the resultant 
effect of the currents around all the legs. The lack of symmetry 
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between the magnetic circuit of the middle leg and either outside 
leg also affects the results. The reluctance of the air circuit for 
each leg being many times the reluctance of the iron circuits, 
considerably more triple frequency current is required to elimi¬ 
nate the potential distortion, so that the marked distortion of 
current and potential noted in the single-phase transformers 
under similar connections is, therefore, absent. 

Sheets 6, 7, 8 and 9 give oscillograms of current and potential 
as before. Tables 7, 8, 9 and 10 give the root-mean-square 
values. 



Fig. 26, Three-phase, core-type, 25-cycle, 40-kw., 2300-volt primary, 
460-volt secondary transformer used to investigate third harmonics 


TABLE 7 

. Three-phase, core type. 25-cycle. 40-kw.. 2300-volt primary, 460-volt secondary transform¬ 
ers, connected neutral isolated—delta open 


B-Kilolines 

Voltage across 


Current in 

line 

Watts 

Lines 

Leg 

Open 

delta 

Isolated 

neutral 

1 

2 

3 

42.6 

1150 

662 

2.5 

2.3 

0.252 

0.234 

0.186 

210 

85.2 

2300 

1324 

50 

45 

1.34 

1.22 

1.92 

860 

106.4 

2875 

1650 

150 

135 

3.32 

2.94 

2.64 

1960 
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TABLE 8 

Three-phase, core type, 25-cycle, 40-kw., 2300-volt primary, 460-volt secondary transform¬ 
ers, connected isolated neutral—closed delta 


B-Kilolines 

Voltage across 

Current in line 

Watts 

Lines 

Leg 

Isolated 

neutral 

1 

2 

3 

Closed 

delta 

42.6 

1150 

662 

0 , 

0.234 

0.252 

0.210 

0.076 


85.2 

2300 

1324 

0 

1.17 

1.32 

0.92 

0.84 


106.4 

2875 

1650 

0 

3 

3.36 

2.76 

2.93 



TABLE 9 

Three-phase core type, 25-cycle, 40-kw., 2300-volt primary, 460-volt secondary transform 

ers, connected neutral connected—delta open 


B-Kilolines 

Voltage across 

Current in line 

Watts 

Lines 

Leg 

Open 
. delta 

1 

2 

3 

Connected 

neutral 

42.6 

1150 

659 

0 

0.204 

0.195 

0.171 

0.137 

213 

85.2 


1324 

0 

1.42 

1.22 

0.92 

0.86 

880 

106.4 

2875 

1652.5 

4 

3.16 

2.96 

2.76 

3.25 

2040 


TABLE 10 

Three-phase, core type, 25-cycle, 40-kw., 2300-volt primary, 460-volt secondary transform¬ 
ers, connected delta closed—neutral connected 


B-Kilolines 

Voltage 

across 

Current in line 

Watts 

Lines 

Leg 

1 

2 

3 

Closed 

delta 

Connected 

neutral 

42.6 

1150 

662 

1.08 

0.096 

0.09 

0.225 

0,223 

216 

85.2 

2300 

1324 

1.32 

1.27 

0.82 

0.82 

0.404 

960 

106.4 

2875 

1652.5 

3.16 

3.26 

2.56 

3.0 

0,7 

2120 


It should be noted that the potential wave shape across the 
different legs is not identical, and that the current wave shape 
in the three legs is also not identical. These differences are ex¬ 
plained by the lack of symmetry of the magnetic structure of 
the different legs and also by the slight difference in the windings 
of the legs. It will be noted that the same general results follow 
on the three-phase transformer as were observed in the dis¬ 
cussion of the three single-phase transformers. 
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In Fig. 27, the observed core losses under the different 
connections are plotted. 

The next step in the investigation was the consideration of a 
three-phase core type transformer with legs symmetrically ar¬ 
ranged, as shown in Fig. 28. Oscillograms are given on Sheets 
18, 19, 20 and 21, and root-mean-square values at density of 
66 kilolines in the core are given in Table 11. 

Attention is called to the almost equal values of exciting 
current for the different windings which was not observed in the 
unsymmetrical three-phase core type. It will be noted also that 
as the results of the symmetrical magnetic structure and the 
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Fig. 27. Curve of core loss of three-phase, 25-cycle, 40-kw. 2300-volt 

Y-primary, 460 volt delta secondary 


inter-relation of the magnetizing effects, the potential wave 

s ape across the different legs under all connections is practically 

the same. No doubt, at higher densities, some unbalanced effect 

would be noted, but at the densities at which tests were taken 
none were observed. ’ 

For a final series of observations, a three-phase shell type 

60-cycle, 330-kw., 13,200-volt primary, 430-volt secondary 

ransfmmer was selected, and oscillograms of current and 

potential observed as given in Sheets 14, 15, 16 and 17 Root 

mean-square values at 43 kilolines and 86 kilolines are 'given in 
iables 12 and 13. 
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TABLE 11 

Three-phase, core type, 60-cycle, 200-kw., 4600-volt primary. 2300-volt secondary 

transformers. 


Voltage across 


Current in line 


B-Kilolines 

Lines 

Leg 

Neutral 

1 

' Delta 

1 

2 

3 

Watts 

66 

3980 

2275 

0 

0 

1.82 

1.70 

l.SO 

3420 


3980 

2275 

0 

0 

1.97 

1.88 

1.97 

3820 

66 

3980 

2275 

0 

0 

1.68 

1.42 

1.6 

3610 

66 

3980 

2275 

0 

0 

2.0 

1.92 

2.0 

3850 


(1) Delta closed—neutral connected. 

(2) Delta open—neutral isolated. 

(3) Delta closed—neutral isolated. 

(4) Delta open—neutral connected. 


TABLE 12 

Three-phase, shell type. 60-cycle, 330-kw., 13,200-volt primary, 430-volt secondary 


Voltage across 


Current in line 


^iSe^' Lines Leg Delta Neutral 12 3 Neutral 


5 


fn 

w 

w 

In 


;a closed—^ne 
a open—neutr; 
a closed—neut 



6.2 

6.00 

6.31 

6.2 


4.76 

4.86 

5.37 

4.76 


Wat 


0 

2.33 



(1) Delta closed—neutral connected. 

(2) Delta open—neutral isolated. 

(3) Delta closed—neutral isolated. 

(4) Delta open—neutral connected 


2 

3 

Neutral 

53.7 

36.6 

—- 

57.8 

45.6 

3.5 

57.8 

60.0 

24.9 

57.8 

44.6 

— 


9,000 

10,600 

10,200 

10,000 
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Fig. 28.—Three-phase, core-type, 25-cycle, 500-kw., 2300-volt primary 
2300-volt secondary transformer used in the investigation of third 

harmonics 



Fig. 29.—Three-phase, shell-type, 60-cycle, 330-lcw., 13,200-volt pri 
mary, 430-volt secondary transformer used to investigate third 

harmonics 
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The general construction of the transformer and diagram of the 
core structure is shown in Figs. 29 and 30. The unsymmetrical 
current and potential waves are no doubt explained entirely by 
the unsymmetrical core structure. 

Attention is called to the potential wave shape across the open 
neutral and open delta, analysis of which is given in Fig. 31. 
The presence of a fundamental of considerable magnitude is, 
no doubt, explained by the presence of unbalanced fundamental 
voltage due to lack of absolute duplication of the windings. 

Delta-Connected Transformers 

The remaining important connection of interconnected 
transformers is the delta connection, using either two or three 
transformers. For this investigation three 25-cycle, 25-kw., 
2300-volt primary, 460-volt secondary transformers were 



Fig. 30.—Diagram of core structure of three-phase, shell-type, 60-cycle, 

330-kw., 13,200-volt primary, 430-volt secondary transformer used to 

investigate third harmonic 

selected and connected as shown in Fig. 32. Sheet 22 gives the 
oscillograms of current and potential, using the three trans¬ 
formers with delta primary and delta secondary. It will be 
noted that the currents in the line are almost identical in shape. 
Reference is made to curve No. 78, Sheet 13, and its analysis 
given in Fig. 17, which shows no third harmonic, but a decided 
fifth and seventh. 

Sheet 23 gives the oscillograms of current and potential with 
three transformers delta connected on the primary and two 
transformers on the secondary, a condition which may arise when 
one of three delta connected transformers becomes open. It will 
be noted that there is no appreciable change in the current wave 
shape. The potential across the open delta shows the usual 
characteristic of triple frequency voltage and a slight funda- 
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mental. The current in the primary delta has the characteristic 
curve of the current in a transformer connected single-phase 
i.e,, has a fundamental and a decided third harmonic. This 



0 20 40 ^0 60 m m I40 iSO ISO 
Pe^rees 


Max. complex wave — 100 
R^ = 20.1 9 S 1 - 4° 49' 

i ?3 = 33.9 = 1 ° 39' 

=30.8 <^5 =- 7035 . 

i?- = 17.8 = - 4 ° 16' 

Rq = 10.4 = -0° 13' 

= 4.1 = 41° 44' 

Fig. 31.—Analysis of oscillogram No. 104 sheet No. 17 


naturally follows because the transformer with secondary open 
IS excited by the delta connected primary and calls for a current 
characteristic corresponding to the sine potential applied. 


A/fernafor 
2300 yo/fs 
2S Cyc/es 



Y 0 


Step - cf otyn formers 

Transformers unSer Usf 


Fig. 32 


The next step in the investigation was to open the pri- 
mary delta as shown in Fig. 33. Sheet 24 gives the os¬ 
cillograms. It will be noted that the wave shapes across 
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the lines and across each transformer are identical. The 
current in the two outside legs shows the usual character- 
istic of the fundamental and a marked third harmonic. 
The current in the middle leg, however, shows the presence 
of a fifth and a seventh harmonic and no third; while the 
current in legs A and Y conforms to that required when a sine 
potential is applied across the two transformers connected in 
series. 

Observations on Transformers in Actual Service 

To study the conditions found on transformers in actual ser¬ 
vice, an investigation was made of three transformers connected 
to the distributing mains of the Rochester Railway & Light Co., 
Rochester, N. Y. These transformers were rated 60-cycle, 
150-kw., 2,400/4,150 Y-volt primary, 480-volt secondary and 
are similar in their general characteristics to the 25-cycle, 25-kw., 
2,300-volt primary, 460-volt secondary transformers previously 


^/fema'^or 
e300 y'o/fs 
2S Cyc/es 




Trarfsformerj 


Transfarmers 
ander fes^ 


Fig. 33 


discussed. The connections to these transformers and the 
general arrangement of feeders, generators, etc., fmming the 
distributing system are shown in Fig. 34. Transformers are 
located in substation No. 34, and it will be noted that power is 
supplied to this substation from alternators in generating stations 
Nos. 3, 5 and 15, connected in parallel. The following list gives 
the generators and their prime movers in the different generating 
stations. 

GENERATING STATION NO. 3 


Generators 

Prime movers 

No. of 

Poles 

Capacity 

kilowatts 

speed 

rev. per min. 

3* 

80 

1360 

90 

Reciprocating engine. 

1 

10 

3000 

720 

Steam turbine. 

1 

24 

2100 

300 

25-cycle induction motor. 

2* 

16 

350 

450 

Water wheel. 


* Originally two-phase, now three-phase T-connected. 
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GENERATING STATION NO. 5 


Generators 

Prime movers 

No. of 

Poles 

Capacity 

kilowatts 

Speed 

rev. per min. 

3 

22 

1200 

327 

Water wheels. 

1* 

16 

350 

450 

Water wheels. 

1 " 

24 

2100 

300 

25-cycle induction motor. 


GENERATING STATION NO. 15 


Generators 

Prime movers 

No, of 

Poles 

Capacity 

kilowatts 

Speed 

rev. per min. 

2 

36 

500 

200 

Water wheel. 


Oscillograms of the potential wave shape at no load across 
the terminals, and from terminal to neutral, of these generators 
are given on Sheet 29. A study of these curves and the list 
showing the different types of prime movers of the generators 
would lead one to conclude that results differing from those 

observed with a single generator having a sine potential should 
be expected. 

Table 14 gives root-mean-square values of potential, current, 
and watts, taken as before. 


14 . 


>o< j neuxrai. 

—connected neutral. 
>A< delta—connected neutral. 

(4) Closed delta—isolated neutral. 



Voltage across 

Current in line 



Lines 

Leg 

Delta 

Neutral 

A 

B 

C 

Delta 

Neutral 

Watts 

(1) 

4250 

2705 

720 

1041 

1.1 

1.11 

1.08 



. 941 

C2) 

4342 

2540 

— 

— 

38.8 

40.6 

39.1 

180 

122. 

3467 

C3) 

4233 

2453 

73“ 

— 

“i.35 

^'2.0“ 

1.6 

— 

1.45 

1012 

(4) 

4293 

2422 


125 

1.26 

1.28 

1.06 

2.35 

— 

1025 


It should be stated, that these figures could not be as ac¬ 
curately taken as those given in previous tables because of the 
fluctuations or variations consequent to the varying load of the 
system. 
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Sheet 4 shows the usual oscillograms of current and potential 
with the neutral isolated and with the secondary delta open. 
Curve No. 16, the potential across the lines or mains, is almost 
a perfect sine wave. Curve No. 17, the potential across each 
transformer, shows the usual characteristic wave shape distorted 
due to the third harmonic. (For comparison, see curve No. 77, 
Sheet 13, and analysis given in Pig. 16.) Curve No. 18, current 
in the line, shows the presence of the fifth harmonic. (Compare 
also curve No. 78, Sheet 13, and analysis, Fig. 17). Curves 
No. 19 and No. 20 show triple frequency across the isolated 
neutral and open delta. 

Sheet 3 gives oscillograms with the neutral connected and 
the delta open. As previously observed, it is noted that with 
the neutral closed, allowing triple frequency current to flow in 
the neutral (curve No. 14), the potential across each trans¬ 
former is practically a sine wave shape (curve No. 12). The 
current in the line is changed and has the expected characteristic 
containing a third harmonic. (Refer to curve No. 23, Sheet 5, 
and analysis. Fig. 6). The difference in the amplitude of the 
triple frequency current in the neutral is due to the presence 
of some fundamental current. Curve No. 15, potential across the 
open delta, shows in addition to a voltage of triple frequency, 
a component of the fundamental and a component of higher 
frequency, presumably the ninth. 

Sheet 1 gives oscillograms with the neutral open and the 
delta closed. It would be expected that the results as observed 
on Sheet 3, with the neutral closed and delta open, would be 
reproduced with the neutral open and the delta closed. This is 
confirmed by the oscillograms. Curves No. 1 and No. 2 show 
practically a sine potential across the line and across the trans¬ 
former. Curve No. 3, current in the line, shows the usual 
distortion. Curve No. 4, the potential across the open neutral, 
has the same shape as the potential across the open delta, curve 
No. 15, Sheet 3. Curve No. 5, current in the closed delta, has 
the same characteristics as curve No. 14, Sheet 3, current in the 
closed neutral. 

Attention is called to the fact that when a path is provided for 
the circulation of the triple frequency current by either closing 
the delta or connecting the neutral, the voltage across the 
open neutral or across the open delta should be zero. The ob¬ 
served fact that there is considerable voltage of triple frequency 
across the open neutral and open delta would indicate that there 
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is some disturbance on the system which cannot be overcome 
by the triple frequency magnetizing current supplied to the core. 

Oscillograms with both neutral and delta closed are given on 
Sheet 2 and contrary to the previous observations, it will be 
noted that a marked triple frequency current is present in the line 
(curve No. 8) and in the neutral (curve No. 9) and in the closed 
delta (curve No. 10). The explanation for this is given by the 
fact that the generating system produces an electromotive force 
between neutral and line having a triple frequency component, 
as indicated by the oscillograms on Sheet 29. The potential 
across the line is free from this triple frequency disturbance. 
When the neutral of the transformers is connected to the neutral 
of the generating system, this triple frequency disturbance is 
applied to the primary of each transformer and is reproduced 
on the secondary, as evidenced by curve No. 15, Sheet 3. By 
closing the delta, the triple frequency components in each leg 
of the secondary delta, being in the same phase, produce an 
energy current dependent on the resistance and reactance of the 
mains and of the transformers. This current must be supplied 
by the primary winding and the ratio of currents in the two 
windings is practically the same as the ratio of transformation. 
The current in the neutral of the primary winding should be 
about three times the current in the line. Reference to Table 14 
will confirm this. 

The difference between the effect of a triple frequency com¬ 
ponent forced upon the transformers by the generating system 
and a triple frequency component created by the magnetization 
characteristics should be clearly distinguished. Referring to 
Sheet 3 and Table 14, it will be noted that triple frequency 
voltage forced upon the transformers by the generating system 
produced a large current with the delta connected or closed, 
since these components of each transformer are in phase with 
each other. Small voltage will call for heavy current, which is 
only limited by the resistance and reactance of the transformer. 
The triple frequency voltage created by the magnetic charac¬ 
teristics of the core is suppressed by a very small demagnetizing 
current, as shown in the various oscillograms previously re¬ 
ferred to. 

In the present instance, this heavy triple frequency current 
flowing in the neutral and the line compelled the operating com¬ 
pany to disconnect the neutral of the transformers from the 
neutral of the system. This was practically the only solution to 
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the difficulty without disturbing the whole distributing system. 
Another solution of the difficulty would have been to use trans¬ 
formers delta-Y connected across each generator, using the neu- 



Pio. 35a.— Diagram showing distribution of triple frequency current and 
voltage in parallel banks of single-phase transformers 


tral of the Y connection for the neutral of the general dis¬ 
tributing system. 

As an important example of the confusing conditions occurring 



Fig. 35b.— Diapam showing distribution of triple frequency current and 
voltage in parallel banks of single-phase transformers 


in practice resulting from potential wave distortion, the following 
case may be cited: . 

Figs. 35a, b, c, d, represents two parallel banks of transformers 
with 60,000-volt Y primary and 11,000-volt delta secondary. 
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Occasion arose in which it was necessary to disconnect one of the 
transformers in bank No. 2. In replacing it and attempting 
to “phase out” the connections, 5,000 volts were measured 



Fig. 35c.—D iagram showing distribution of triple frequency current and 
voltage in parallel banks of single-phase transformers 

across the open delta, indicating a very unbalanced condition. 
A study of the conditions existing will show that this should have 
been expected. With the neutrals of the two banks isolated and 
the delta of bank No. 2 open and that of bank No. 1 closed, a sine 



Fig. 35d.—D iagram showing distribution of triple frequency current and 
voltage in parallel banks of single-phase transformers 

potential wave shape is maintained across the transformers of 
bank No. 1 by the triple frequency current supplied by the 
closed delta. The neutral of this bank should be at zero po¬ 
tential with respect to the ground. 
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With the neutral of bank No. 2 open, while the potential 
across the 60,000-volt line may be a sine shape, no provision is 
made to insure a sine potential across each transformer, and 
consequently the two banks are unbalanced across the neutrals 
by an amount equal to the distorted potential across each leg of 



Max. complex wave = 100 
= 10.8 -= -24° 36' 

R^ = 82.9 ^3 = -2° 11' 

^5 == 4.9 = 48° 19' 

= 2.6 (^7 = 150° 58' 

Fig. 36. Analysis of oscillogram No. 74 sheet No 12 

bank No. 2; t.e., the neutral shifts and there is an unbalancing 
of voltage across the open delta of bank No. 2. 

By connecting the neutrals, all triple frequency disturbances 
disappear and sine potential is applied to the transfemers of both 
banks, the necessary triple frequency current being supplied 
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for both banks by the closed delta of bank No. 1. Upon closing 
the delta of bank No. 2, the voltage now read across the open 
delta will be zero, and the secondary windings of both banks 
will equally contribute the necessary triple frequency currents to 



0 10 40 do m m m /so lao 

Pe^ree^ 


Max. complex wave = 100 
Rj = 9.2 = 7° V 

Rg = 87.7 0, = 172° 32' 

R., = 4.4 c/)5 =-44° 3' 

Ry = 2.3 07 == 177° 43' 

Rg = 11.2 09 = 236° 8' 

Fig. 37.—Analysis of oscillogram .Vo. 75 sheet No. 12 


maintain sine potential across the transformers of both banks. 
Under such conditions, the connection between the neutrals of 
the primaries of the two banks may be open or disconnected 
entirely without any disturbance or change in the potential 
wave shape applied to the transformers. 
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It is evident that the investigation and observations of the dis¬ 
tribution of current and potential has great practical value. 

The broadest general conclusion to be drawn from the ob¬ 
servations presented in this paper, so far as they relate to trans¬ 
formers, is that in any distributing system disturbances of cur¬ 
rent and potential are to be expected unless provision is-made to 
maintain sine potential across the individual transformers. 



Max. complex wave =100 
= 106.0 ( 563 — 2 ° 26' 

R^ = 8.1 = 3° 9' 

Fig. 38.—Analysis of oscillogram No. 79 sheet No. 13 

The writer takes this opportunity to acknowledge assistance 
in the discussion and analysis of the curves to Mr. W. W. Lewis. 

Appendix 

The analysis of the waves in -the foregoing article was carried 
on by the method of Professor S. P. Thompson, as given in Vol. II 
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of his work on Dynamo Electric Machinery. A brief outline of 
the method may be of interest. 

The following fundamental assumptions are made: 

1 . Any periodic complex wave, according to the theorem of 
Fourier, may be considered as built up of a series of harmonic 
terms, the fundamental one of the series being of the same fre¬ 
quency as the given complex wave. This theorem may be ex¬ 
pressed by the following equation: 

y = sin (^ + 9^1) sin (3 ^ + <^^3) +-^5 sin (5 ^ + ^ 5 ) (A) 



0 20 40 W 80 100 120 140 lOO 180 


’ ' Max. complex wave = 100 

' i = 86.8 L<5&i= 3° 6' 

3.6 (^3 = 189 '> 46 ' 

|_ -Rg = 11.1 ^5 = 1 ° 14' 

Fig. 39.—Analysis of oscillogram No. 83 sheet No. 14 

where R 3 , etc., are the amplitudes of the harmonics, and 
03 , etc., are the angles of lag with respect to the zero of the 

complex wave. 

2 . As indicated by equation (A), only odd harmonics are 
present, a w^ell-known characteristic of alternator waves. 

3. The lagging harmonics in equation (A) may be resolved into 
two components; one a sine curve with zero lag and the other a 
sine curve with a lag of 90 degs.; in other words, a sine curve in 





884 


FRANK: HARMONICS 


[May 6 


phase with the complex wave and a cosine curve. Equation 
(A) may then be written 

y = Aj sin cos OA-A^ sin 3 ^ + ^3 cos 3 <9 + ^., sin (B) 

5 ^ + ^5 cos 5 .etc. 

4. The mean horizontal axis of the curve is midway between 
the highest and lowest points of the curve, and the origin or 
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(jS, = -5° 43' 
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40.—Analysis of oscillogram No. 84 sheet No. 14 


i?. = 98.8 
i?3 = 27.2 
R. = 19.9 
3.7 
3.1 


"5 

^7 = 


^9 = 


zero point of the complex wave may be chosen where this curve 
crosses the honzontal axis. curve 

5. The positive and negative portions of the waves under 

consideration are identical so that nnUroU^u • naer 

need be considered. ^ half-wave,...., 180 degs. 

6 . If the half-wave is symmetrical to the right and left of 

90 degs., only sine terms are present. If not svmmetrioQi ■ ^u■ 
respect, both sine and cosine termc o symmetrical m this 

±' , smc ana cosine terms are present. The latter i<5 tha 

«s.al oas. and m general need be the only one coneid„ed 
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The problem is to find the unknown coefficients Aj, 
etc., and Br^, etc. These may then be combined to 

find etc., by the equation 

Ri=\/ Z7 T s? (C) 

and the angles ^ 3 , etc., by the equation 



0 4{} 60 SO m IZO }40 160 ISO 

Pe^r^es 


Max. complex wave = 100 
= 91.0 = 5 ° 22' 

== 4.5 <^3 == 83° 58' 

R ^ = 13.7 (^5 = 73° 20' 

^7 = 2 . 6 ' (^7 = 238° 24' 

Fig. 41.—Analysis of oscillogram No. 85 sheet No. 14 

Consider that only the first three harmonics in the series are 
, fundamental, third and fifth. Wq must then find 
six unknowns, vt^., A^, A^, and B^, and consequently 

must have six equations. If sine terms only were present, we 
might choose three convenient points on the wave whose ordi¬ 
nates would then satisfy the following equations : 

yi == A, sin 0,+A., sin 3 d^ + Ar^ sin 5 d, 

>* 2=^1 sin ( 92+^3 sin 3 sin 5 0^ (E) 

yg = A^ sin 6 ^ 3 + A 3 sin 3 6^A-A^ sin 5 
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which equations may be solved simultaneously for A^, 
and ^ 5 . Similarly, if cosine terms only were present, three other 
equations might be formed, viz,, 

yo == cos d^ + B^ cos 3 cos 5 6^ 

yi = B^ cos ^2 + ^3 cos 3 ^3 + ^5 cos 5 6^ (F) 

“ B^ cos <^3 + ^3 cos 3 cos 5 

and solved simultaneously for B^, B^ If both sine and 
cosine terms are present, then each ordinate chosen is made up 





0 10 40 0 eo 100 I2& 140 /0 IW 

Max. complex wave = 100 

= 43,8 = 25° 50' 

Rz = 32,4 (^3 = - 2° 40' 

= 28.7 05 = -26° 45' 

^9 = 8.5 09 = 35° 11' 

Fig. 42.—Analysis of oscillogram No. 91 sheet No. 15 

of two portions, the ordinate of the sine component and the 
ordmate of the cosine component of the wave at that point, and 
their separation may be accomplished as follows : 

It js known that sin 6 = sin {ISO^ ~~ d) and that cos^^ = ^ cds 
(180 d). Take an ordinate yg (^less the 90*^) and an ordinate 

yciso®-^'). If we add these ordinates, any component parts 
due to cos d, cos 3 d, cos 5 6, etc., will cancel while any component 
parts due to Sind, sin 3 «, sin 50, etc., will be doulled. If we 
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subtract 3 ^( 180 °-^) from ye, the sine components will cancel, 
leaving the doubled cosine components. That is, expressed 
algebraically, 

= y (9 + yi80°-5 = 2 (Aj sin <^1 + ^3 sin 3 <^1 + ^5 sin 5 6 ^ 

(G) 

= ye—y\ 80 °-d = 2 (Sj cos 01 +cos 3 0i + Br^ cos 5 6^) 

We may thus find a number of ordinates, which may 

be sul/stituted for y^, y^, in equation (E) and a similar set of 



pe^recj 

Max.’complex wave = 100 ' 

R^ = 63.9 - -14® 0' 

R^ ^ 41.0 <^3 - 8 ® 28' 

,, == 22.1 ^5 - 21® 54' 

R^ - 4.8 <^7 = 10® 11' 

Fig. 43.—Analysis of oscillogram No. 97 sheet No. 16 

d d d 

ordinates which may be substituted for y^, 

y^, yg, in equation (F), and equations (E) and (F) solved simul¬ 
taneously fordA^, 7 I 3 , A 5 , and B 3 , The amplitudes R^, 
i? 3 , i? 5 , and angles (f)^, (j)^, ^ 5 , may then be found from equations 
(C) and (D), 

It is apparent that if we consider the complex wave to be made 
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up of a fundamental, third, and fifth harmonics, and there also 
happens to be a seventh or other higher harmonic present, the 
amplitudes that we find on the assumption that the first three 
ha,rmonics only are present, will each contain a portion of the am¬ 
plitudes belonging to the seventh and higher harmonics, and the 
analysis is an approximation to that extent. Therefore, the more 
harmonics for which we strive, the more accurate will be the 
analysis, also the more complicated the simultaneous equations 



Ri = 77.9 = 30 57 / 

R 3 = 8.9 03 = 1950 26' 

R 5 9-1 05 = -49° 39' 

R^ = 6.9 0^ = 78° 55' 

Rg = 3.6 0j = 203° 28' 

Fig. 44. Analysis of oscillogram No. 99 sheet No. 17 

to be handled. An analysis for all the harmonics up to and 
including the eleventh is sufficiently accurate for nearly all cases 
and requires the handling of six simultaneous equations, which 
IS about as many as it is practicable to deal with. For this 
purpose, the quarter-wave is divided into six intervals of 15 deg. 
each and the ordinates measured by means of a dividing engine.' 
These ordinates are combined with the ordinates of the supple¬ 
mentary angles in the second quarter of the wave, giving the 
sums Xj, Xj, etc., and the differences d^, etc., to be substituted 
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in the proper equations. By means of a schedule prepared by 
Professor Thompson and slightly modified for our use, the 
solution of the simultaneous equations is greatly facilitated. 
The complete analysis of curve No. 78, Sheet 13, shown in detail 
in Fig. 17, is appended to show the use of this schedule 
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Fig. 45.—Analysis of oscillogram No. 128 sheet No. 22 


SCHEDULE FOR THE ANALYSIS OF A PERIODIC CURVE IN WHICH APPEAR 

ONLY ODD HARMONICS UP TO THE ELEVENTH 


( 1 ) 


1 


2 

3 

4 


5 

6 


yx 

= 7.6 

y2 

= 11.2 


3/4 = 65.0 

ys 

= 96.1 

^6 == 90.0 


yii 

= 37.3 

yio 

= 78.8 

yg == 86.4 

ys = 65.0 

yi 

= 61.8 


Sum 


44.9 


90.0 

110,4 

130.0 


157.9 

90.0 

Dif. 


-29.7 


-67.6 

-62.4 

0.0 

4 

34.3 



Si + ^3 “ Sq 

44.9 

110.4 

155.3 

-157.9 


•S'2 " Sq 

90.0 

-90.0 


29.7 

34.3 

-64.0 

62.4 


- 2.6 


rg = 0.0 
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Sine 1st and 11 th 


FRANK: HARMONICS 

_ SINE TER MS 

3rd and 9th 


[May 6 


0.262 
0.500 
0.707 
0.866 
0.966 
1.000 
1 st col. 

2 nd col. 
Sum 6i4 
Diff. 6 A 


= 11.8 


5th and 7th 

Ss = 41.4 


45.0 


53 = 

78.2 


ri = 1.84 

-53 = 

= 78.2 



54 = 112.7 





55 == 

152.3 





= 43.4 



5y = 90,0 


0 

<3 

II 




242.3 



-1.84 


6.6 


247.7 



0.0 


22.3 

II 

CD 

490.0 


6/43 = 

-1.84 

6/45 = 

= 28.9 

6Ax^ = 

-5.4 


II 

<31 

CO 

-1.84 

li 

to 

'-15.7 

Ax - 

81.7 


A 2 ~ 

0.31 

■^.5 - 

= 4.8 

II 

0.9 


Ag = 

-0.31 

A7 = 

= - 2.6 


52 = 45.0 

-54 = 112.7 

56 - 90.0 


COSINE TERMS 


0,262 


= 9.00 


0.500 

= 

0 




^4 = 

0 

0.707 


ds = 

-44.1 


Cx *= -1,13 



0.866 

dn = 

-58.6 




-^2 = 

58.6 

0.966 


dx = 

-28.7 



• 


1.000 

1 st col 


-58.6 


-^4 

= 0 

0 


58.6 

2 nd col. 


-63.8 



-1.13 


69.5 

Sum 

6Bx 

= -122.4 


GR 3 

= -1.13 

6^5 = 

128.1 

Diff. 

QBxi 

= 5.2 


6^9 

= 1.13 

GB 7 = 

-10.9 


Br 

== -20.4 


B^ 

== -0.19 


21.4 


Bn 

= 0.9 


Bg 

= 0.19 

By = 

- 1.8 


d^ = -7.79 
-ds = 44.1 
da = 33.2 


(4) Ri — V8L72 4-20.42 ~ 84,2 

-^3 ” >'"'0.312 4 - 0.192 = negligible 
^5 =* ^ 4^82 +21.42 = 21.9 

i?7 = \/£;p“:fi;82 =* 3.2 

“ v'o.312 4 - 0.192 = negligible 
= v^ 0792 -fO .92 = negligible 

' = 14° 2 


tan 01 = 

^ 81.7 

tan 0 z — 

fo-n /ft 21.4 

tan 

tan.(?7 = — . 

^ - 2.6 

tan 0 g = 

tan 0 x 1 » 

07 « 214° 43' 

0 g == 


= -0.25 


4.46 


0.693 


<^6 « 77° 21' 
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Discussion on Observation of Harmonics in Current 
AND IN Voltage Wave Shapes of Transformers 
San Francisco, Cal., May 6 , 1910. 

H. J. Ryan: I don’t know that there is anything I can add 
in an effective way to a paper of such great value. Any knowl¬ 
edge of anything that is so fundamental in engineering as the 
transformer, is of great value, and anything that tends to bring 
that knowledge up to date, and that has been done in this paper 
and has been done handsomely, is also of great value. 

In the fundamental theory for the treatment of things of this 
icind use of two principles is made; one is the conservation of 
energy, and the other is that the average product of two alter¬ 
nating quantities that differ in frequency is zero. Thus by 
theoretical methods we arrive at the same conclusion, viz., 
that the harmonics which develop in the exciting current of a 
transformer do not convey any of the core loss energy.^ 

However, what we come to by theoretical reasoning is gen¬ 
erally of very little value until a way has been found to check 
the result in the laboratory or in practice. It is right here that 
this paper is of such high value. 

The facts brought out in this paper and in Mr.^ Faccioli’s 
recent tests on a long distance high-tension transmission line 
show beyond all doubt that it is a matter of great importance to 
understand properly the causes of wave-form distortion and the 
methods that should be employed to accomplish their elimina¬ 
tion. 

We know that a 200-mile, 60-cycle, high-tension transmission 
line with its receiver circuit open delivers a terminal pressure 
that is considerably higher than the pressure at the source. 
With sine wave pressure at normal frequency applied at the 
source this terminal pressure rise will be a certain amount. 
Now assume the use of a non-sine wave source pressure made up 
of one part at normal frequency and a second part at ten per 
cent of the value of, and at a frequency of three times the first 
part, being different in frequency each of these pressure parts 
will work upon the line independently to produce a rise in the 
terminal pressure. The rise in value and shift in phase will be 
much greater in proportion ■ for the third harmonics than the 
fundamental. The result will be to ^ change and to distort 
greatly the wave form of the open circuit terminal pressure. 
There will be a corresponding increase in certain instantaneous 
values of the pressure accomplished by increase of the eleu^c 
strain on the insulation and such other disorders as follow be¬ 
cause of the use of the irregular wave forms. 

Mr. Faccioli’s transmission experiments and investigations 
have checked the above theoretical reasoning. It is, therefore, 
decidedly evident that all wave distortions introduced by three- 
phase source star-connected transformers, neutrals free, or by 
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any other means should be carefully avoided in high-tension 
long distance transmission. 

G. Faccioli: Professor Ryan brought out the point of the 
influence of harmonics on the core losses. 

Th s is a very interesting problem. It is true that the high 
frequency component of the exciting current of a transformer 
is wattless, but I do not agree with the author of the paper in 
his conclusion that the distortion of the current is neither a 
cause nor an effect of the energy loss in the core. 

The figures below are respectively a reproduction of Pig. 9 
and Fig. 10. The straight line a is the loop obtained by plotting 
the va.ues of the flux in function of the values of the wattless 
component of the fundamental of the exciting current. This 
condition of affairs would be possible if we used in the transformer 
core a material of constant high permeability. Curve b is 



PER CENT CURRENT 


Fig. 9 


o by^ taking as abscissae the values of the fundamental 

exciting current in phase with the flux. 

^ ^ -L M^ presuppose no losses, but while a assumes constant 

permeability, & admits a change in permeability. 

^ It is interest ng to note that the line a crosses the curve h 
in one point only, A. This means that if we increase the flux 
rom zero to maximum positive in the case of constant permea- 
^losses, the current should be a sine wave in phase 
^th the flux. If the permeability is not constant, then while 
flux increases from zero to the point corresponding to A 
the values of the current are smaller than the va'ues of the sine 

STh; flu? R co^esponding to A to the maximum value 

ot the flux B, the current s higher than the values of the sine 
wave. Decreasing the flux from maximum positive to zero 

phenomenon in a reverse direction. ’ 

t oUows that the change in permeability has caused the 




1910] DISCUSSION AT SAN FRANCISCO 893 

current to be less than the value of the sine wave for part of 
a half cycle; then for another part of a half cycle the current 
becomes higher than the values of the sine wave, and finally, 
for the rest of the half cycle, the current is again smaller than the 
sine values. It is apparent, therefore, that the distortion of 
current introduced by the change of permeability, crosses the 
zero line in two points during a half cycle, and is symmetrical 
with respect to a vertical axis drawn through the maximum 
"value of the flux 

The change of permeability introduces then a high harmonic 
in the current, whose fundamental wave is of triple frequency. 
This does not mean that this extra current is a triple frequency 
sine wave, but it shows clearly, in my opinion, that the dis¬ 



turbance has a large triple frequency component, and is sym¬ 
metrical with respect to the flux wave.^ 

If now, we take losses into consideration, the line is expanded 
into an ellipse, and the curve b becomes the regular hysteresis 

loop. ^ 1 

Following the same reasoning as before, we see that in tne 

first quarter cycle of the flux (while the flux grows from^ zero 
to maximum positive) the hysteresis loop, starting from point 1, 
crosses the ellipse at the point 2. It follows that from 1 to 2, 
the presence of the iron causes the current to be less than the 
values of the sine wave, (Fig. 10.) From 2 to 3, the current is 
larger than the sne values, and finally from 3 to 4, the extra 
current introduced by the iron has again negative values. 
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It follows immediately that the total distortion introduced by 
the iron, including losses, is fundamentally of triple frequency, 
as in the former case, where losses were neglected, but when 
losses are considered, the distortion is no longer symmetrical 
with respect to the vertical axis drawn through the maximum 
value of the flux, as shown by the unsymmetrical position of the 
points two and three. 

We may therefore draw the conclusion that the presence of 
losses has modified the distortion of current, which would be 
introduced by a mere change of permeability. The high fre¬ 
quency components of the current are wattless for the whole 
cycle, but they are active in d'stributing the losses throughout 
the cycle, and part of the distortion is a consequence of the pres¬ 
ence of these losses. 

It seems to me that a glance at Figs. 9 and 10 will show why 
the distortion of the current due to iron is fundamentally a 
triple frequency wave. It shows, furthermore, which is the 
phase position of the high frequency waves. In fact, if we locate 
such phase position with respect to the flux wave, we see that at 
points 1 and 4, which are the points of zero flux, the value of the 
resulting high frequency wave is zero. This is shown in Fig. 10 
where the curve il, which is the sum of the harmonics, crosses the 
zero line at the zero point of flux. This happens also in Fig. 12. 

In conclusion, it appears clear why the high harmonics intro¬ 
duced by the iron are fundamentally of triple frequency, and it 
is easy to find their phdse position, if they are referred to the 
wave of flux. — ' ■ 

_ ^ r 

W. A. Hillebrand: Mr. Faccioli’s conclusions, that the 
presence of the higher harmonics, redistributes the losses, strikes 
me as self-evident. In any circuit it is impossible at any time 
to know of both currents electromotive forces without having 
power. It simply means that the term wattless current for 
wattless volt-amperes, and that the voltage of the other products 
throughout, is fundamentally higher, and in that instance is zero. 

C. A. Copeland: All of this discussion has been based on the 
assumption that we start out with a sine curve. It would be 
rather interesting to find out either theoretically or practically 
what are the worst conditions we would find by starting out with 
a curve which was a little flat topped or peaked. I was wonder¬ 
ing whether there had been any oscillograms taken, starting 
out with either a flat top or peaked top wave, so as to show what 
the worst condition would be that we might have, under these 
conditions. 

G. Faccioli: Of course, in a paper of this kind, it was neces¬ 
sary to apply sine waves to the transformers in order to obtain 
comparable results. 

We can deduce the effect of the wave form on the triple 
frequency component of the exciting current by remembering 
that in a Y-coimected system (neutral disconnected, secondary 
open) the electromotive force across each individual transformer 
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is distorted as a consequence of the fact that triple frequency- 
currents cannot flow in the Y. 

Then, if we apply to a transformer an electromotive force, 
as the one represented, for instance, in curve 17, sheet 4, we 
must expect that this electromotive force will not call for a 
triple frequency exciting current. Now this electromotive 
force contains a triple frequency conponent itself. If we reverse 
this component 180 deg., we should expect to reach the condi¬ 
tions where the triple frequency exciting current will be maxi¬ 
mum. 

President Stillwell: I think it might be interesting if you 
would explain to what extent the use of the silicon steel affects 
the triple frequency current. 

G. Faccioli: The new silicon steel has a hysteresis loop which 
is different from the loop of iron used previously. It is well 
known that the losses per cycle are smaller, and that the permea¬ 
bility at high densities is lower in the silicon steel. We should 
then naturally expect a somewhat different distortion of exciting 
current due to silicon steel. 

C. L. Gory: It is interesting to contrast the methods which 
Professor Ryan used twenty years ago in obtaining the curves, 
point by point, not upon single waves but upon succeeding 
waves, using a 133-cycle generator, with the results that are 
shown in the paper read to-day. The three papers, that of 
Professor Ryan twenty years ago, that of Mr. Rhodes read 
yesterday, and this paper of Mr. Frank’s presented to-day 
are all of the same type, and the results obtained from the ex¬ 
perimental work done are of great value. The things that 
Professor Ryan really discovered are the things that have now 
been completely developed and are so clearly shown in the 
oscillograms so well reproduced in the paper. 

From what we heard yesterday morning and also here to-day 
it is possible that we may conclude that the third harnaonic and 
the higher harmonics, the fifth, seventh, ninth, etc., introduce 
only difficulties in connection with the generation and use of 
alternating currents. I do not believe that that conclusion 
necessarily follows. It was shown yesterday by Mr. Rhodes 
that the triple and higher harmonics are produced by generators 
under certain circumstances and this morning by Mr. Frank it 
has been shown that, no matter what kind of a curve we start 
with from the generator, somewhere in our transmission system 
we will find the conditions which are shown by these curves and 
we cannot avoid the distortion from the true sine wave. 

The presence of the higher harmonics have been found trouble¬ 
some and have almost always lead to difficulties. To-day in 
the transmission of power we are still using a relatively high 
frequency. From the beginning of the use of alternating cur¬ 
rents the frequency has been reduced from 133 and 120 cycles 
down to 60, 50, 40 and even 25 cycles, and when we begin to 
transmit still larger quantities of power over distances three or 
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fniir times as great as ordinarily found at the jaresent, oi up to 
500 or 600 miles, perhaps lower frequencies such as 10 12 ^ or 
15 cycles will be found, under certain circumstances to be de- 

'^^^s'^it not possible therefore as the art of the generation and 
appliiatS of olectricity stUl further devolope that »e may 
crpnprate bv a single generator currents of more than one Ire 
Sn?y or%hat woild be equivalent, one current ot two or 
frenuencies? We really produce such currents m the 

generators that were described by Mr. 
not want them, and as shown by Profe^or ® 

•omy of copper results when two currents of diiitnng irtqucnc es 
Sransiiited over the same conductor,_and ultimately we may 
to advantage make use of the combination foi mote ehiucntly 
tmStting power than is possible using current ol only one 

^^SSs'p.Thompsoitby letter): Mr. Frank’s imper is of 
particular interest to me, because I hap])en to have 311 st pre¬ 
pared for the Physical Society of London a yet uni)ul)lished note 

on Hysteresis Loops and Lissajous 

which is as follows. Just as any wave curve, 

or of voltage, can be analyzed according to I ouiiu s theorem 

into a harmonic series of sine and cosine terms containing only 

odd terms in the series, so any hysteresis loop can be analyzed 

into a harmonic series of Lissajous figures, (in sine and cosine 

terms) containing only odd terms in the series... 

The area of the hysteresis loop represents the energy .spent in 
a cycle of magnetizing operations. If we represent the im¬ 
pressed electromotive force as a sine-function ol the time, it is 
known that the wave-form of the flux will lie a pure cosme 
function of the time, and that the waye-torm ol the reactive 
electromotive force will be a tiure (negative) sine function of the 
time Now, if there are present hysteresis ancl eddy-cmients, 
the current curve will, as known ever since Ryan s classical 
researches of 1890, not have a simple wave form. It may con¬ 
tain terms of the following orders: 


1 . 

2 . 

3. 

4. 

5. 

6 . 


A 1 sin p t 
B 1 cos p t 
A 3 si n 3 p t 
Ih cos 3 p t 
A 5 sin 5 p I 
jBf, cos 5 p / 


with possibly other terms of higher orders. Now as the im¬ 
pressed voltage has a form expressed by Fi sinit> /, the total 
energy expended in a cycle will be rep-resented by the result _ot 
multiplying Fi sin pt into each of the above terms, 
tegrating each such product around a whole cycle, or liom 
t =0° to T = 360°. But, as is well known, the following in¬ 
tegrals all have zero value if integrated over a whole period: 





Fifth Order Third Order First Order 
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sin pt cos pt, 

J sin pt sin n pt 
J^sin pt cos npt; 

where n is any whole number. The only product that remains 
is therefore the fundamental, viz :— 


SINE 


COSINE COMBINATION 





A 

/ 


sin^ pt 





That is to say the only com¬ 
ponent which involves the ex¬ 
penditure of any energy in the 
cycle is the sine-component of 
the first order; that is so much 
of the current wave as in phase 
with the impressed voltage. All 
other components may distort 
the form of the current wave, 
and therefore of the hysteresis 
loop, but alter the amount of 
the area of the loop in nowise. 
The area of the loop is equiva¬ 
lent under all cases to that of an 
ellipse, the principal axes of 
which are respectively the maxi¬ 
mum flux-density the value of 
3C due to the maximum value 
of the first-order sine component 
of the current curve. 

The effect of magnetic leak¬ 
age, or of an air-gap in the iron 
core is to shear over the hyster¬ 
esis loop, that is to introduce 
as a component a first-order 
cosine term. 

The above are the Lissajous figures which correspond to the 
tiCTUlS • 

The total areas of Lissajous figures, of all orders except the 
first is zero; their negative and positive portions being always 

CQUclI. ^ , j. r 4-1- 

Eddy currents will invariably give sine-components ot the 

first order, and add a further elliptical component to the ellipse. 
Eddy-currents of the third order, which will be present only 
if there are third order components in the woltage curve, will 
tend to distort in the form containing both sine and cosine com¬ 
ponents of the third order, resembling the letter S. 
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The ordinary ^ hysteresis loops with acute peaked forms at 
their ends, obtained when the flux-density is pushed to high 
values, contain negative cosine terms of third, fifth, and higher 
orders, and cannot be adequately represented without going to 
terms higher than the eleventh. 

^ confirm Mr. Frank’s conclusion that the distortion 

1 ^ current wave curve is neither a cause nor an 

loss in the core, but depends only on the variations 
ot the permeability of the steel. 

^ allowed in conclusion to express my gratification 
a so much utility has been found by Mr. Prank in the employ¬ 
ment of my arithmetical method of harmonic analysis, itself 
erived from that of Professor Runge of Hanover. I desire 

exposition of it which he has given, 
stone (by letter): I have made a number of 
Cl o^ams on a three-phase core type transformer with star- 
COTnec ed prirnary, which check those given in the paper. 

“ impressed was somewhat flatter than a sine wave 
® eiiect of this in peaking the phase voltage was very 


If three single-phase transformers in star are connected to a 
three-phase generator and the neutral of the transformer is 
connected to that of the generator, the conditions in the trans- 

®ach was alone on a single-phase 
+ magnetizing current having its characteristic shape 

tt^A tril, ^ The neutral is the return circuit for all 

transformers, so_that the instantaneous values of its current 

.® ^^stantaneous values of all the magnetizing 

S3 A ^,1’ all of the third harmonic components of the 

Snce i?3S, other numerically, 

all h3 three-phase system the third harmonics 

an e m f 3 m3®- imagine for a moment that 

3®;3; impressed on the neutral which would cause 

reS3i?thS n3 equal and opposite to the current al- 

the Lme^^dirnS? current would divide and flow in 

out t3thiVH S through, the transformers thus cancelling 
t£L?cmrems^ 33"" component of the single-phase magne¬ 
to ?er3andth; 3m current in the neutral would then be equal 

mndTt?nm m ^ c^ld be opened without changing the 

ditions in any way. Hence it will be seen that when the 

5Tr SrfreauScvTs‘'°“®3^ 3^^® neutral open, a current 

chase in all ?hrAA^t- m each one which is of the same 

pnase in all three transformers and is subtracted from the sine-le 

Ss“ h “&SI from the latte 

L3thSSe nwS3® ^^^"® ? subtracts 

irom tne single-phase flux and introduces a third harmonic into 

the counter e.m.f. wave accordingly. Such a tlSS hTrmS? 

mmearat^thAT3“3 ®-m.f- but does not 

ppear at the terminals of the star-connected windings. When 
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the secondaries are connected in series or delta, however, the 
triple frequency components of voltage are in phase and add to 
one another, thus producing an unbalanced e.m.f. around the 
delta. When the delta is closed this voltage becomes practi¬ 
cally zero and a current flows which is equal to that producing 
it; that is the third harmonic of the single-phase magnetizing 
current has been transferred from the primary where it cannot 
flow, to the secondary where it can flow through the closed delta. 

In the case of three single-phase transformers, the flux set 
up by the triple frequency component of magnetizing current 
has the same circuit as the main flux, that is, the core of the 
transformer, which being of exceedingly low reluctance, permits 
considerable flux to be set up, thus causing great distortion to 
the wave form of the phase e.m.f. (as shown by sheet No. 13). 
In the case of the three-phase core type transformer, however, 
this triple frequency flux cannot pass around the main circuit, 
since it would then be opposed by the flux of another phase. 
The result is that it must find a return path through air or the 
case and end frames. This local circuit has necessarily a high 
reluctance so that only a small flux is set up by the third harmonic 
current and the wave form of the phase e.m.f. is only slightly 
distorted. 

C. Fortescue (by letter): This paper shows very clearly 
the necessity of considering the wave forms of generator e.m.fs. 
of transformer exciting currents, etc., with reference to their 
effect in polyphase circuits. 

The writer during the past few years, has been frequently 
called upon to explain phenomena due to such causes and many 
of his conclusions are corroborated by the data given in Mr. 
Frank’s paper and his explanation of them. 

Referring to Mr. Frank’s discussion of interconnected trans¬ 
formers : it is shown that if the third harmonic component of the 
exciting current is prevented from flowing by the method of 
connecting the transformers a third harmonic component of 
e.m.f. will appear in the transformer windings, which will in¬ 
crease the insulation stress throughout the transformer. It may 
he well to remark that the effect would not be so marked in 
ordinary commercial transformers as for the case given, since 
the iron is not usua ly run at so high a density as 90 kilo-lines 
per square inch. 

In star-delta connected transformers, a third harmonic com¬ 
ponent flows in the delta windings, which is the exact equivalent 
of the niissing third harmonic component of the exciting currents 
in the star connected primary. If the primary line to line e.m.f. 
is not a sine wave, it may contain any odd harmonic but the 
third and its multiples, provided that all three waves of e.m.f. 
from line to line are similar in form. Each of the harmonics 
in the three phases are in proper three-phase relation and will 
also appear in the neutral to line e.m.f. across the transformers. 
But where the effect of these harmonics may have been to peak 
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the wave form from line to line, their effect will be to flatten the 
wave form across the transformers, that is, from neutral to line, 
the converse of this also being true. We should therefore expect 
to find that with star-delta connected singe-phase transformers, 
a^peaked e.mi. wave form from line to line would result in a 
higher iron loss in the transformers than that obtained with a 
corresponding single-phase sine wave measurement. And simi¬ 
larly, if the line to line e.m.f. wave form is flattened, the ob¬ 
served iron loss should be less. Perhaps this may be the ex¬ 
planation of the difference in iron loss observed by Mr. Frank, 
when measured single-phase and three-phase with neutral 
disconnected and delta closed. 

In sheet No. 10 of Mr. Frank’s paper, we have a triple har¬ 
monic 0.63 amperes occurring in the secondary delta connection. 
Multiplying this by the ratio of transformation, we have for 
the corresponding primary single-phase, third-harmonic com¬ 
ponent, 3.15 amperes, an d the eq uivalent s'ngle-phase exciting 

current is, therefore, \/5.812+3.152 = 6.6 amperes. This is 
10 per cent higher than the value found for single-phase, namely 
6.05 amperes. The cause of this apparent discrepancy is prob¬ 
ably due to the wave form of the line to line e.m.f., which may be 
somewhat peaked, thereby resulting in a flattened e.m.f. wave 
form^from transformer neutral to line, and therefore a higher 
exciting current and iron loss. 

The third, harmonic is not present in the line to line e.m.f. 
of symmetrically wound three-phase generators, but it occurs 
in the e.m.f. of two-phase generators and, therefore, it will 
appear also in three-phase e.m.fs. obtained by transformation 
from two-phaseThe wave forms of line to line e.m.f. in such 
cases are not similar. Such a system may be considered as 
made up of a symmetrical system on which is superimposed a 
third harmonic three-phase system. If such a system is con¬ 
nected with a true three-phase system, this three-phase third 
harmonic component may be the cause of grave trouble. 

In conclusion, the writer would like to see more data as to 
the effect of different polyphase connections on the iron loss of 
the transformers, to supplement Mr. Frank’s valuable contribu- 
tions. 

C. A. Adams (by letter): The immense amount of data 
gathered by Mr. Frank on this important and interesting subject, 
is almost ^staggering, and it is quite impossible to do justice to 
it in a limited discussion. A somewhat careful reading de¬ 
veloped the necessity for some additional explanations and 
amplifications which^are here presented with the hope that they 
may help others similarly interested. 

The area of the loop Lc, of Fig. 9, respresents the eddy cur¬ 
rent loss as well as the hysteresis loss and the loop is broader 
abeam than the true hysteresis loop. The eddy current energy 
is supplied by a current component in phase with and of the 
same shape as the impressed e.m.f., and the real hysteretic 
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energy current is equal to Fe less this eddy current component, 
with which it is in phase. 

The relative values of the maximum inductions of the various 
harmonics are not the same as the relative values of the cor¬ 
responding e.m.fs. since the induction is the integral of the 
e.m.f. and therefore involves its frequency as well as its ampli¬ 
tude; e.g.y if the third harmonic e.m.f. is 52 per cent of the 
fundamental e.m.f., the third harmonic flux is only 17| per cent 
of the fundamental flux. 

For the purpose of explaining several points in connection 
with the oscillograms, it will be desirable to review briefly 
the various transformer connections. 

In every case it is assumed that the impressed e.m.f. is bal¬ 
anced, symmetrical, sinusoidal and 3 phase; also that a third 
and a fifth harmonic exciting current are necessary for a sinu¬ 
soidal flux. 


. Three Separate Transformers, Primaries Star, Secondaries 

Delta 

1. Isolated Neutral—Open Secondary Delta, 

The third harmonic exciting current cannot be supplied, therefore, 
The flux must contain a third harmonic, such that it would requue 
for its m.m.f. a third harmonic current equal and opposite to the third 
harmonic current that would be required by the otherwise sinusoidal 

flux. . . j 

The star e.m.f. will then contain a corresponding third harmonic and 
the voltage across the open neutral will be three times the third har¬ 
monic phase e.m.f., since the three are all in phase._ 

The fifth harmonic exciting current will appear in the primary since 
the three fifth harmonic currents neutralize each other just as do the 

fundamentals. -n jj ^ 

The three third harmonic e.m.fs. in the secondaries will add together 
and appear across the open delta, thus the open delta voltage should 
differ from ^he open neutral voltage only by the ratio of transformation. 

2. Isolated Neutral—Closed Secondary Delta, ^ 

As soon as the delta is closed the third harmonic e.m.f. in the delta 
will produce a third hpmonic current which will supply the previously 
missing third harmonic exciting current and restore the flux to the 
sinusoidal form; but this flux cannot be quite sinusoidal since th^e 
be a small third harmonic e.m.f. in the secondary to produce the third 


harmonic exciting current. . -u a 

The phase e.m.fs. are therefore sinusoidal barring this very slight third 

harmonic, and the voltage across the neutral is practically zero. ^ 

The fifth harmonic exciting current will appear in the primary as in {L). 

3. Connected Neutral—Closed Delta, . • ^-u 

If the slight third harmonic in the phase e.m.fs. were to retain the same 
value as in (2) there would now result third harmonic currents in the 
primaries of approximately the same m^.m.fs. as those of the third harmonic 
current in the secondary delta; but this would reverse the third harmonic 
flux and is obviously impossible. J.e., the total third harniomc exciting 
current in primary and secondary cannot appreciably exceed its previous 
value in (2). Therefore, since the third harmonic e.m.f s m primary 
and secondary are equal, as well as the local impedances of the circui s 
in which the e.m.fs. act the third harmonic current will be divided 
evenly between primary and secondary, thus requiring only one haii oi 

the third harmonic flux and phase e.m.f. of (2). _ 

However, if there be ever so small a third harmonic in the impressed 
phase e.m.f., it may (if in the proper phase) just supply the impedance 
drop of the necessary third harmonic exciting current, and entirely elim- 
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inate any need of even the slightest third harmonic flux and secondary 
phase e.m.f. 

Then no third harmonic exciting current would appear in the secondary 
delta, as it would all appear in the primary. 

If however the slight third harmonic in the impressed primary phase 
e.m.f. be of the opposite phase, it will drive the exciting current to the 
secondary delta by causing an increased third harmonic flux and secondary 
phase e.m.f. 

This last is the reason why in some of the oscillograms (taken 
with connected neutral and closed delta) the third harmonic 
exciting current appears in the secondary delta, and sometimes 
in the primary and neutral, and sometimes in both. 

Curves 69 and 70, sheet 11, analyzed in Figs. 24 and 25, show 
a small third harmonic exciting current in the primary lines 
and neutral, but as the third is less than the fifth it is rea¬ 
sonably certain that the larger part of the third is to be found 
in the closed delta, although no oscillogram thereof is given. 
The fundamental, fifth, seventh, and eleventh harmonics in 
curve 70, Fig. 25, are due to an unsymmetrical system, as they 
would otherwise cancel out. 

The curves of sheet 2 also show the harmonic exciting current 
divided between the primary and secondary for the same 
case of connected neutral and closed delta, the larger part being 
in the primary, while for the case of sheet 11 the larger part was 
in the secondary. 

4. Connected Neutral—Open Secondary Delta. 

In this case each transformer is entirely independent and the exciting 
current will flow in the primary as in the case of a single transformer 
with sinusoidal impressed e.m.f. and open secondary. 

The three third harmonic exciting currents will add together in phase 
in the neutral while the fundamentals and fifth harmonics cancel out. 

If the impressed e.m.f. on each transformer is absolutely sinusoidal, 
the induced e.m.f. and flux will be distorted an imperceptible amount by 
the internal impedance drop due to the third and fifth harmonic cur¬ 
rents, and there would be a very slight third harmonic e.m.f. across 
the open delta, the fifth cancelling out with the fundamental. These 
are, however, too small to be of any practical importance. 

The considerable third harmonic e.m.f. across the open delta 
in curve 15, sheet 3, must be due to a third harmonic in the 
impressed e.m.f.; a careful inspection of curve 12 will show this 
to be the case. 

Curve 75 of sheet 12 also shows a third harmonic e.m.f. in the 
secondary for this same connection, but in this c^,se it is only 
i per cent whereas in curve 15 it is 5 per cent. In this case 
(curve 75) it may therefore be partly if not largely due to the 
e.m.f. distortion produced by the large third harmonic current 
in the primary. 


One Three Phase Transeormer 

If the three cores are absolutely symmetrical and the impressed 
e.ni.fs. balanced, there can be no third harmonic fiux in the 
main magnetic circuit. Any such flux in the core legs must 
return via the surrounding non-magnetic material; i.e., the re- 
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luctance of., the third harmonic flux path is many times that of 
the fundamental flux path. 

I. Isolated Neutral—Open Delta. 

In this case there can be no third harmonic exciting current, therefore 
there must be a third harmonic flux of sufficient magnitude to eliminate 
the need of a third harmonic exciting current; i.e., a flux which would re¬ 
quire for its m.m.f. a current equal and opposite to the third harmonic 
current that would otherwise be present. But the reluctance of the third 
harmonic flux path is so large (as explained above) that a negligibly small 
third harmonic flux is sufficient to neutralize the third harmonic current. 
Thus it is that the leg e.m.f. is practically sinusoidal and the voltages 
across the open neutral and open delta are zero, in spite of the fact that 
there is no third harmonic exciting current, see Sheet 21. 

It is obvious that closing the neutral or the delta or both would 
have no appreciable effect upon the curves, as is shown on 
sheets 18, 19 and 20. 

In a similar manner numerous other interesting points can 
be explained. 

J. J. Frank: The paper was prepared primarily for the 
benefit of operating engineers to emphasize the great practical 
value of an investigation of the distortion of current and po¬ 
tential wave shapes found in the common banking of trans¬ 
formers. The absence of any discussion by operating engineers 
is somewhat of a disappointment. 

The confirmation by Silvanus P. Thompson of my conclu¬ 
sion that the current wave distortion depends only on the 
variations in the permeability of the steel is very gratifying. 

The discussion by C. A. Adams, calling attention to the pos¬ 
sible amplification of the data submitted in my paper, is also 
very gratifying. 



A paper presented at the 24^Sth meeting of the 
American Institute of Electrical Engineers, San 
Francisco, May 6, 1910. 

Copyright 1910. By A. I. E. E. 


TRANSMISSION LINE CROSSINGS OF RAILROAD 

RIGHTS-OF-WAY 


BY ALLEN H. BABCOCK 


It is necessary to protect: 

1. The railroad communication circuits (telegraph, telephone 
and signal) from mechanical injury and from contact with high 
tension wires. 

2. The train crews from personal injuries due to sagging or 
fallen wires. 

3. The trains themselves from mechanical damage and from 
the liability of fire should a wreck occur at the crossing point. 

4. The railroad structures from damage by fire due either to 
crosses between communication circuits and fallen or sagging 
transmission circuits, or to high potential electromotive forces 
induced therein by excessive unbalancing of the transmission 

circuits. 

Having in mind the fact that contact with transmission cir¬ 
cuits is dangerous to both life and property, it was natural that 
the early attempts at protection were of the nature of guard 
^vires, in some form or other. 

Many of us have had experience with some such device. Nearly 
all of us who have had sufficient experience have found un¬ 
satisfactory all forms of guards as yet devised. Even those of 
the deep basket type have failed at times to give complete 
protection. Furthermore, any pole line is worked at about mini¬ 
mum factor of safety’, hence, to increase the load on it at the 
very point where maximum security is demanded is an engi¬ 
neering anomaly. Prophecy after the fact is easy. 

The next step is obvious; to construct the transmission ine 
with maximum factor of safety both in the crossing span and 
also in each of the adjacent spans, so that nothing short o a 

905 
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general catastrophe shall bring the line into dangerous proximity 
to the railroad right of way. So well recognized is this principle 
that the power and the railroad interests are now working in 
harmonious conjunction to devise an economical mechanical 
and electrical construction for these crossing spans, so much 
more secure than that of the transmission line elsewhere, that if 
ever failure occurs it must be at some other point. 

In general, it is advisable, wherever possible, to place under¬ 
ground all low potential power circuits, and communication 
circuits. The following general specifications cover the points 
that are now under discussion between the power and railroad 
companies. 

General Specifications for the Construction of Overhead 
Electric Light or Power Line Crossings— 

General 

1. All crossings carrying current at more than nominal 
2,300 volts to ground shall come under the provisions of these 
specifications, unless special conditions in large cities or other¬ 
wise shall make a modification thereof necessary or desirable. 

2. Complete drawings shall be furnished in duplicate for 
approval before construction is commenced. 

3. The power company shall give the railroad company one 
week’s notice prior to the commencement of work. 

4. All work, including the materials entering into the work, 
shall be subject to the inspection and approval of the railroad 
company. 

5. The power company shall protect the railroad company 
against any suits for damages arising by reason of any patented 
devices being used in the work under these specifications. 

Clearances 

6. Vertical clearance, under the most favorable conditions of 
temperature or sag, shall be as specified by the railroad company, 
but shall not be less than 35 ft. above the top of rail and not less 
than 10 ft. above any existing wires on the right of way. 

7. Side clearance for structures that it may be necessary to 
locate on the railroad company’s right of way shall not be less 
than 10 feet from the center of the nearest present or proposed 
track. 

Crossing Span 

8. The crossing span shall be carried on towers or poles which 
shall be self-supporting under the most unfavorable^conditions 
of loading, or of broken conductors. 
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9. Supports for the crossing span, and for the adjacent spans 
on each side, are to be generally in a straight line and preferably 
at right angles to the railroad. 

10. Conductor supports shall be guyed away from the tracks 
in such manner as to make it impossible for the supporting struc¬ 
tures to fall toward them. 

11. In general, steel towers shall be used, although under 
certain conditions wooden structures, with concrete or other 
approved foundations, may be permitted. 

12. Foundations shall be designed to resist double the greatest 
tendency to overturn under the most unfavorable conditions, 
due to breakage in the line or otherwise. 

13. In designing tower foundations, the weight of earth shall 
be taken at 90 lb. per cu. ft. and the weight of concrete at 140 lb. 
per cu. ft. 

14. When towers are used, they shall be constructed of soft 
or medium soft steel, thoroughly painted or galvanized. 

15. Tower construction shall be shown or specified in detail 
on plans submitted for approval by the railroad company. They 
shall give sufficient data so that stress diagrams may be con¬ 
structed for the given loads. 

16. All steel structures on the railroad company’s right-of- 
way shall be grounded in an approved manner and shall be 

provided with approved danger signs. 

17. Steel structures supporting the crossing span shall have a 
factor of safety of not less than three, based on the ultimate 
strength of the material and considered under the most unfavor¬ 
able conditions of loading, wind and broken conductors. 

18. Wooden structures supporting the crossing span, and also 
wooden crossarms, shall have a factor of safety of not less than 
five, based upon the ultimate strength of the material and con¬ 
sidered under the most unfavorable conditions of loading, wind 
and broken conductors. 

All the following sections shall apply to the crossing span and 
to each span adjacent thereto: 

Pins 

19. Material: cast steel, iron pipe, malleable iron or other 

crude metal, galvanized. . ^ + t 

20. Where wooden crossarms are used, a grounded metal 

strip must connect all pins electrically. 

21. Pins shall be desired for factor of safety of three, under 

most unfavorable conditions. 
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Insulators 

22. Material: porcelain only above 7,000 volts, and porcelain 
or glass below 7,000 volts. 

23. Insulators shall be designed for voltages 25 per cent in 
excess of the rated working voltage of the other insulators on 
the line. 

24. Pin type insulators shall have metal bridge caps, or the 
equivalent. 

25. If suspended type of insulator is used, all connections be¬ 
tween the parts of the insulator shall be of the interconnected 
link type, or its equivalent. Whatever type of insulator and 
attachment is used, the conductor must hold to the supporting 
structure even if the insulator is mechanically or electrically 
shattered. 

26. Clearance: Insulators shall clear all parts of the supporting 
structure (except pins and crossarms), not less than 12 in. up to 
24,000 volts, plus one inch per 10,000 volts additional. 

Conductors 

27. Material: copper, aluminum or other non-corrosive metal. 
For spans carrying current up to 5,000 volts, minimum size 
No. 6 B. & S. copper, or aluminum, or other material or alloy 
of equivalent strength. Above 5,000 volts, minimum size 
No. 0 B. & S. copper, not less than seven strands (or six strands 
around a non-conducting center), or aluminum, or other metal 
or alloy of equivalent strength. 

28. Tension shall be adjusted to be equal on each side of the 
supports of the crossing span. 

29. Clearance between conductors and tower structure (except 
pins and crossarms) shall be not less than 12 in. up to 24,000 volts, 
plus one-half inch for each additional 1,000 volts. 

30. Minimum clearance between conductors shall be not less 

than 24 in. up to 24,000 volts, plus one inch per 1,000 volts 
additional. 

31. The conductors shall be clamped mechanically to the 
insulator. 

32. The conductors shall be connected to the supporting 
structure at an auxiliary connection that will insure positive 

grounding of the conductor in case of failure of the primary 
insulation. 

33. All crossing conductors shall be wrapped or shielded against 
arcing where they pass over the insulators or through clamps. 
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34. No splicing will be allowed in any of the three spans 
named. 

35. Crossings shall be designed for one-quarter inch ice 
radially of weight 60 lb. per cu. ft., plus the weight of the con- 
ctduor, plus a horizontal wind pressure of 20 lb. per sq. ft. on a 
projected area of the ice covered cable. (Obviously where ice is 
never formed, that element of the calculation can be omitted.) 

36. Maximum of allowable stress shall bfe not more than three- 
tenths of ultimate strength. 

37. All calculations shall be based upon a temperature range 
of 130 deg. fahr. 

The foregoing specifications are tentative in the sense that 
while they represent the present mutual understanding of the 
interested parties, they have been adopted merely as a provisional 
basis for discussion. As such they are submitted for the con¬ 
sideration of the members. It is hoped that your criticism will 
be construction as well as destructive. 

The following table will serve to show that the subject is one 
not to be disposed of lightly. With 482 crossings to be legislated 
for on a single trunk line, it is easy to see that the agreement 
reached must be reasonable and equitable, or it will not stand. 


CLASSIFICATION OP POWER CROSSINGS. SOUTHERN PACIFIC COMPANY 


Division 

Under 

2500 

volts 

2500 

to 

5000 

volts 

5000 

to 

10000 

volts 

10000 

to 

15000 

volts 

15000 

to 

25000 

volts 

25000 

to 

35000 

volts 

35000 

to 

65000 

volts 

Over 

65000 

Not 

listed 

Total 

Coast. 

119 

3 

30 

13 

8 

0 

5 

0 

1 

179 

,, Western. 

47 

3 

9 

7 

3 

3 

42 

3 

3 

120 

Sacramento. 

42 

6 

6 

0 

14 

0 

12 

5 

— 

85 

Shasta.. 

11 

0 

0 

0 

8 

0 

3 

0 

5 

27 

S. Joaquin. 

6 

0 

0 

3 

2 

18 

0 

5 

2 

36 

L. Angeles. 

1 

0 

0 

0 

18 

6 

0 

0 

2 

27 

Tucson. 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Salt Lake. 

1 

0 

1 

2 

0 

0 

2 

0 

1 

7 

Total. 

228 

^2 

46 

25 

53 

27 

64 

13 

14 

482 1 
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Discussion on '' Transmission Line Crossings of Railroad 
Rights-of-Way ’’ San Francisco, Cal., May 6, 1910. 

John Harisbcrgcr I would ask Mr. Babcock if he has any 
suggestions for a satisfactory crossing for the right of way by 
transmission lines? 

A. H. Babcock I The only suggestions are those embodied in 
these specifications. The first and second paragraphs cover 
the point, that up to the present no basket or guard, or similar 
construction has been found satisfactory. The power com¬ 
panies themselves have attempted to develop that sort of thing 
and have found that after it was put in service there were so 
many disadvantages, that the device had ultimately to be aban¬ 
doned. It is thought now that the only satisfactory way of 
handling the subject is to make the crossing so strong me¬ 
chanically and electrically that it cannot come down at that 
point. 

John Harisberger: The requirements of the Northern Pacific 
have been to place poles on either side of the track so high that 
even if a wire broke it would not reach at most the top of a box 
^ seems to me that that would be the requirement if the 

A width that it would be impractical. 

A. M. Hunt: In paragraph 27, Conductors,’’ Mr. Babcock 
as stated that material: copper, aluminum, or other non- 
metal,” should be used. It would appear to me 
that the element of strength in the conductor over the track is 
the main essential, and that perhaps could be better attained 

IiT oi® galvanized steel conductors, such as cross 

the Straps of Carquinez, used by the Bay Counties Power Com¬ 
pany. They are steel cables and are always kept painted and 
in fast class condition. The possibility of rupture is very 
much less than if they were of copper or aluminum, or material 
o equal conductivity. That one point of exception can well 
be taken to the specifications. 

C. F. Adams: In clause No. 19; “ Material: cast steel, malle- 

other crude metal, galvanized.” Under that- 
specifacation a cast iron pin could be used. In paragraph 23 
It states: Insulators shall be designed for voltages 25 per cent 
“ working voltage of the other insulators 

ft J if a step of that kind were taken. 

It would result simply m the taking of a succession of steps! 

In other words, the general public would call for as good an 
insulation as the milroad company did, and then the railroad 
company could call for 25 per cent in excess of what the public 
were then getting. It seems to me that what is proper for the 
enfae system should be sufficient for the railroad company. 

There ^ one otfar point that I note here, which does not seem 
to have been embodied in the presentation of this paper. It 
states: In general, it is advisable wherever possible to place 
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underground all low potential power circuits, and communication 
circuits.’' I believe that clause is correct, and I think also that 
it should be applied to communication circuits of telephone sig¬ 
nal and telegraph lines by the railroad companies. I know of 
nothing better than a few feet of earth and a little lead to pro¬ 
tect from a high-tension circuit falling to the ground. 

Lewis B. Stillwell: I agree fully with Mr. Babcock that 
special and adequate protection should be provided in all cases 
where high-potential transmission circuits cross railway lines. 

I do not think, however, that the problem is one of any great 
difficulty. It is to be noted that the accidents mentioned by 
Mr. Babcock, with one exception, were not occasioned by reason 
of the fact that the circuits were not properly protected. They 
were purely mechanical accidents and due to gross carelessness. 
In Italy, notably on the Valtellina, a wire net is suspended be¬ 
neath the transmission circuits where highways are crossed. 
These are somewhat awkward in appearance, but properly erected 
and maintained, they appear to afford adequate protection. 
Crossings of this character should be built upon the same prin¬ 
ciples upon which bridges are constructed, that is to say, they 
should be built so that the line will not fall down.^ As a bridge 
problem, railroad crossing by a transmission circuit is very 
simple. Ample factors of safety are practicable and a little 
care will provide against failure. If a circuit breaks between 
two poles or towers on opposite sides of a railway crossing, 
provision should be made for grounding that circuit before it 
can touch the locomotive or car passing beneath it. This can 
be accomplished by placing a grounded conductor in a hor¬ 
izontal position, where the falling conductor must touch it 

before reaching the top of the car. 

As regards the specifications suggested by Mr. Babcock rela¬ 
tive to conductors, it would seem that while this is unobjection¬ 
able in general from the standpoint of the power company and 
should be satisfactory to the railway company, specification 
No. 27 could be made more definite by requiring in general 
terms a mechanical factor of safety rather than prescribing 
arbitrarily the size of the wire with reference to the voltage. It 
would be reasonable to require that the span crossing the 
track be constructed with a very high factor of safety. In 
conjunction with this, some plan of grounding the circuit and 
cutting it out automatically in case the wire breaks, would be 

unobjectionable. . 

I understand that in the judgment of the engineers of the 
Pacific Gas & Electric Co., automatic circuit breakers are not 
yet developed to a point where they can be relied upon for very 
high potentials. This being the case, if the two towers sup¬ 
porting the wires which span the railroad be connected elec¬ 
trically by adequate earthing or by conductors and provision 
made for effectively grounding the conductor in case it breaks, 
I do not see how any material damage to a car is liable to occur. 
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P. M. Downing: There are a few points in the paper which 
I think might be improved upon slightly, but in general, I 
think the specifications as proposed, come nearer meeting the 
approval of the power companies than anything that has yet been 
submitted. Our experience here on the Coast in the matter of 
protective devices where power lines cross railroad rights of 
way, is a rather long one. We started in with the idea of using 
some sort of a basket device to catch the wires in case they 
shouM break at these crossings. These basket devices consisted 
of wires carrying a sort of lattice work in order to catch the 
broken circuits, but we found that these baskets were more of a 
menace than protection, for the reason that they were very hard 
to maintain on a long span, and where the railroad right of way 
was wide, the strains thrown on the supporting structure was 
very great, and we had so much trouble with those that they 
were finally abandoned. 

The specifications, as I understand them after going over them 
very hurriedly, provide for good mechanical construction. To 
my mind, this comes nearer meeting all requirements than any¬ 
thing else which could be submitted. However, as I say, there 
are a few points which, to my mind, might be improved upon, 
but I have not gone into the specifications fully enough as yet 
to be entirely familiar with them. 

Markham Cheever: To one who has been interested in this 
subject for a considerable time, the prefatory remarks in the 
paper appear as a most excellent statement of the present status 
of the problem. The old basket type construction as pointed 
out by the author is obviously inadequate and introduces an 
element of hazard greater than the danger it prevents. Num¬ 
erous other designs have been proposed, many of them involv¬ 
ing a tension in the crossing span less than the tensions either side 
and this again introduces additional risk by reason of the many 
dead-end connections. It is now being widelv recos^nized thst a 
more reliable construction is produced by running each line 
conductor straight through, avoiding any splices or dead-end 
connections in the crossing or adjacent spans, and maintaining 
f^^asions. A. design based upon this princinle has been 
largely used for the crossings of high tension lines ovL the tracks 
of the New York Central Railroad. Two towers are placed 
close to the railroad right of way, one on either side. The pre¬ 
cautionary feature consists of auxiliary ties to each line conductor 
from insulators supported on the track sides of the structures and 
at lower elevations than the main insulators. Should the con¬ 
ductor break on the supports adjacent to the track or at any 
point behind, allowing the conductor to slacken, the auxiliary 

ties hold the crossing span suspended, at the same time efficiently 
grounding it. 


Sidney Sprout: Some gentleman made the remark a few 
moments ago that a few feet of earth between the transmission 
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line and the telegraph line was probably the safest insulator that 
could be had. I have noticed that the telephone company, the 
Pacific States, at its crossing with street railways is making a 
general practice of putting a cable underneath the streets. I 
will offer just a few suggestions, as I have not read the specifica¬ 
tions through since I came in. I did not expect to take any part 
ill the discussion, but I think if we would reverse the specifica¬ 
tions somewhat, where there is a trolley crossing or a high tension 
transmission crossing of the railroad, considerable difficulty 
or danger can be eliminated by the railroad companies putting 
every 200 feet their telegraph and signal lines underneath 
the ground in a cable. I believe they do that at present at a 
numlier of places along the lines where they enter the depots. 
This seems to me to be a way to avoid the difficulty that came 
up in one of the cases mentioned at Antioch, where the towers 
were built carelessly, or otherwise, and dropped across the line, 
and that would make, of course, considerable confusion. I think 
that the transmission companies or the power companies would 
be peiffectly willing to pay for any expense of running under¬ 
ground at such places as they cross. Of course, the other dangers 
of lines coming down on the track, and the trouble, the me¬ 
chanical trouble, of engineers, and so forth, would not be avoided 
by this; but it seems to me that the greater part of the danger 
of which Mr. Babcock speaks, would be avoided by a very slight 
expense of running the wires underground. I think that the 
transmission people have racked their brains and spent con¬ 
siderable money for suitable means of crossing railroad lines, 
as well as telephone and telegraph lines, by which they might 
be saved from annoyance or the liability of danger that they are 
causing by running overhead. As some gentleman has said 
here, the very means that they expected the most of, seemed to 
fail; and I believe that if we look on the other side of it, 
that the telephone people have done it probably unintentionally, 
or possibly because electric people have delayed in putting in 
proper protection—and of course they have protected them- 
selves—but it seems to me that they have solved one of the great 
troubles and annoyances by putting all of their lines underneath 
the track where they cross street railways or steam railroad lines. 
I know they still call on transmission people to protect their 
lines, but I believe they would rather put their lines underground 
than to run the risk and danger of the wires breaking and coming 
down on to a trunk line service. A great many of our lines cross 
the telephone and telegraph lines between the main stations, 
Los Angeles, San Francisco, and Portland, and it means con¬ 
siderable to them if it does break down. ^ I appreciate the neces¬ 
sity of something being done, and I think that Mr. Babcock’s 
paper is one that we should consider very seriously, and I think 
that the Institute should take some steps regarding the matter, 
instead of letting it drop without more serious thought than what 
has been already brought out. 
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J. P. Jollyman: Mr. President, I believe that it is possible for 
the power companies and the railroad companies to reduce their 
troubles to a minimum. It is undoubtedly possible to construct 
a protection that would be absolute, but the question of cost 
would be prohibitive, except in very special cases. The power 
companies are interested in the matter nearly as much as the 
railroad companies, and anything that will be to the ad¬ 
vantage of the one, would be of advantage to the other. The 
matter of underground crossings is something that would have 
to be studied very carefully, for an underground crossing in 
connection with a telephone, telegraph or signal service line may 
add to the difficulty, of satisfactory operation. In some cases 
the companies operating these lines might even prefer to go 
overhead and take their chances. I think, on the whole, that 
the specifications as read by Mr. Babcock, if faithfully carried 
out would lead to as safe a crossing as can be reasonably ex¬ 
pected under present conditions. 

R. W. Van Norden: I have not read this paper as carefully 
as I would like, but, from the discussion which has been 
given so far, I cannot see but that the necessary points are cov¬ 
ered as well as they can be, as Mr. Jollyman says, without too 
much cost. On the section that Mr. Babcock spoke of, on the 
Southern Pacific, we have built a good many crossings, and 
while we have used small wire, I do not remember that we 
have had an accident where it affected a telegraph system, but 
possibly once, and that was not at a crossing, but was in the 
case of a blast at Rocklin that threw the transmission line down, 
and the blast affected the telegraph signal system. I do not 
recollect that there has ever been any serious break at any 
crossing. The only system we used was the basket system, which 
I do not particularly believe in. There have been some experi¬ 
ments made along the lines suggested, of grounding, so that in 
breaking it grounds before striking earth. Those have not been 
carried out very carefully, so I cannot tell you what the experi¬ 
ments resulted in. 

President Stillwell: I do not fully agree with Mr. Cheever in 
regard to the basket suspension plan. Its effectiveness is purely 
a matter of construction and maintenance. In Italy, apparently 
they maintain it properly—that is what we do not always do very 
well in this country. We put up devices of this character and 
then fail to maintain them. In my opinion, the basket construc¬ 
tion, while not the best, can be made effective in the case of com¬ 
paratively short spans, if properly maintained. 

R. W. Van Norden: There is another point that I think of. 
Mr. Hunt spoke of putting up steel in place of copper or alum¬ 
inum. I know of one case where we used steel in spans, and 
one of them was across a railroad track. Some of the wire was 
copper, very small No. 6, I think, the span was between 
800 and 1000 feet long. We used also No. 6 steel telephone 
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wire. The telephone wire broke in the winter a number of 
times, apparently due to snow loads on the line, but the copper 
wire would not break at the same time. The steel would pull 
out; it would not make a quick break, it would pull out to about 
one-half of its diameter, and then it would break, but the copper 
would not break at all. 

C. F. Adams:* I would like to reply' to the suggestion of the 
President concerning the matter of grounding. That would be 
operative on lines of limited length and low frequency. On lines 
approximating the length that you will find here in California, 
with a frequency of 60 cycles, if it is grounded 100 miles from 
the station, it does not give you enough short circuit current at the 
station to overload the generator and carry it beyond normal. 
That has been tried out, and it has been thoroughly demon¬ 
strated that a short circuit may occur on any one of the 
three phases and yet the operating station may not have suffi¬ 
cient indication of a short circuit to really warrant them in 
pulling their current off the line. 

President Stillwell: This sort of a paper is an admirable one 
in my opinion; it is not overloaded with unnecessary explana¬ 
tions; it is precise and explicit, and is a very essential start 
toward standardizing a very important matter, and I think that 
at the proper time, the standardizing committee of the In¬ 
stitute operating, for example, in conjunction with the proper 
committee representing the railways, might agree once and for 
all upon specifications which would be adhered to. That would 
save a great deal of trouble to all concerned, and I see no reason 
why a question of that kind cannot be taken up in that manner. 

A. H. Babcock: Mr. Harrisberger suggests that adequate 
protection can be secured by using high poles set so close to the 
right of way that a broken wire will not be able to strike the 
tracks. Doubtless he has in mind narrow rights of way. The 
Western Railroads often have 400 foot rights of way so that it 
is difficult to see how poles can be erected high enough to pre¬ 
vent a broken wire striking the signal and telegraph circuits. 

As a rule the wires break near the support, either by vibration 
or by burning. 

Mr. Hunt mentions the possible use of iron wire or steel wire 
under section 27 of specifications, and cites the case of the 
Carquinez Straits span where the cable has been operating for 
a great many years with great success. I think he overlooks 
the point that the Carquinez cable is so heavy that a man 
can be sent out on the cable to inspect it and to maintain it. 
In certain sections of this country the salt fog will eat up an 
iron wire in a very short time. Experiments made along the 
east side of San Francisco bay show that the ordinary galvanizing 
of overhead trolley line parts is by no means an adequate pro¬ 
tection, and that the metal rusts very quickly. For these 
reasons it is doubtful that any small iron wire, say No. 4 or 
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No, 0 ^ 0 Q used to make a thoroughly safe construction, 
without a great deal of maintenance cost in the way of re¬ 
placements, Usually a transmission line wire is put up and 
forgotten as long as possible, so that the railroad company has 
reason to be suspicious of iron wire crossings. 

_ If I ^understand Mr. Adams correctly he feels that the Aron 
pipe pin would be barred out by section 19. Possibly it might 
be well to make an amendment there and mention specifically 
iron pipe. 

The President has referred to the protection used on one of 
the Italian lines with which I am not familiar. Some of the 
French lines use a through span bridge over the tracks, through 
which both the telephone and transmission wires are carried. 
It is difficult to imagine a more complete protection than is 
afforded by such construction, but it is very expensive. It is 
neither equitable nor possible to attempt to shift the total 
burden of the expense of such crossings entirely from one party 
to the other. It is properly a matter of joint responsibility and 
interest. The broad principle involved in this matter is met 
by the railroad man every day in the crossings of his rights 
of way with other railroad rights of way. The senior road at 
the crossing does not stand much of the cost, while the junior 
road bears the greater part of it. A road that is senior in one 
place may ^ be the junior road in some other locality because 
lines are being extended all over the country. We have a number 
of such cases—for instance, in connection with the power 
transmission lines now operating in this part of the country. 
In these cases undoubtedly the railroad company will be obliged 
to stand the greater part of the expense. 

The foregoing remarks will refer also to Mr. Sprout’s and 
Mr. Jollyman’s discussions. 

The suggestions made by the president that the railroad 
companies and the Institute shall join in a general discussion 
of this subject seems to me to be one that may have a very far- 
reaching consequence. I, for one, would be very glad to see 
such an arrangement brought about. 

^Ralph Mershon (by letter) Mr. Babcock's paper deals 
with a ^subject to which I have given considerable attention. 
Some time ago I wrote an article dealing with the subject.* 
It embodied my ideas as finally crystallized after various dis¬ 
cussions and investigations relating to the subject. The en¬ 
deavor was made^ to lay down the conditions which should be 
met in transmission line crossings in order to ensure safety. 
I quote these conditions, from the article, as follows: 

. (<^) If should be so constructed that the line conductors 
(line wires or cables) and the supporting structures at each 
side of the track would be of pr oper strength to withstand the 

Transmission Line Crossings over Railroads ”, Railroad Gazette, 
February 7, 1908. 
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ice and wind loads which might come upon them. It should 
be self-sustaining; that is, should be capable of standing up 
under the action of wind and ice without reference to the 
remainder of the line, so that the line on one or both sides of the 
crossing, might break without interfering with the crossing itself. 

(5) There should be sufficient overhead clearance between the 
line and the track, so that there would be no possibility of con¬ 


tact except by deliberate intent. 

(c) The line conductors should be far enough apart so that 

they could not swing together. 

(d) The line conductors should be sufficiently massive so that 
an arc might exist between them for several seconds, without 
danger of burning or melting them off. 

(e) If the supporting structures are of steel, or the insulator 
pins are of metal and the pins connected to each other, or to 
ground, the insulators should have cast metal caps cemented 
upon them. These caps, or extensions of them, should extend 
out on each side of the insulator for soine distance along and 
underneath the conductor, in order to further protect the con¬ 
ductor, or else the conductors should have, in addition to the caps, 
a protection from arcs in the form of a serving of wire upon thern 
for some distance on each side of the insulator. The result of 
such protection will be that an arc formed near the insulator 
will expend itself upon the serving wire, or metal casting, in¬ 
stead of upon the conductor itself. 

IVEr. Babcock has gone into this matter in greater detail than 
was attempted in the article above referred to. In general, 
his specifications appear to me to conform with the ideas as laid 
down therein, though they do not seem to me as clear as they 
might be in regard to the matter covered by the latter part of 
(ix). Apparently his specifications are intended to cover the 
construction of the supports and cables not only of the^ crossing 
span but of the adjacent spans on each side of the crossing span, 
and they contemplate the construction of these three spans of 
equal strength. Yet in item 17 he specifies the strength of the 
steel structures for the crossing span only, and says nothing 
about the supports for the two adjacent spans. It seems to 
me that, in general, it were better to so design the three spans 
that those adjacent to the crossing span could go down without 
injuring the crossing span. I will deal with this matter further 

in my remarks under 1[ 27. ^ ^ ^ 

There are a number of additional minor points in Mr. Bab¬ 
cock’s specifications with which I do not quite agree. These 
differences will appear from what follows, in which I shall 
refer to such of the items of the paper as seem to me should be 
modified, designating them by the figures used in the paper. 

116. This item contemplates that the power wires shall 

necessarily pass over the wires already on the 

It seems to me that there might often be cases where it would 
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be safer and better to have the power wires pass under the exist¬ 
ing wires, the latter crossing the power wires with a span so 
short on structures so high that, even though the existing wires 
should break near one structure, they could not reach the power 
wires. 

1120. It seems to me that not only should the pins be elec¬ 
trically connected to each other, but that this connection should 
be effectively grounded, especially if the wooden cross-arm is 
carried by a wooden structure. In the case of a metal cross-arm 
carried by a wooden structure, the metal crossarm should be 
grounded. 

1[25. In the present state of the art of making the inter-con¬ 
nective link type of insulator, it may be working a considerable 
hardship upon the power transmission companies to require their 
use. And, so far as my experience goes, the cemented form of 
suspension insulator can be safely depended upon. 

1[26. I am not quite sure that I understand this item, but 
if I do it seems to me the clearance provided is rather small. 
For 100,000 volts, for instance, it would be only 19.6 in. 

If27. I do not quite see the reason for making the minimum 
size of conductor less with lower voltages than with higher ones. 
Other things being equal, the danger of burning a conductor 
is greater with a lower voltage than with a higher one. Be¬ 
cause with the same power capacity in each case the arc with 
the lower voltage would be heavier than with the higher. Inas¬ 
much as the power capacity of the circuit as well as the voltage 
has to do with the amount of damage that might be done by an 
arc, it would seem to me better to either specify the size of the 
cond-uctor with reference to both the power and voltage, or else to 
specify for all cases a conductor so heavy as to take care of any 
condition which might be met with in ordinary practice. It 
seems evident from this item and the next one that Mr. Babcock 
contemplates that the same size of conductor shall be used upon 
the crossing span, and the two spans on each side thereof. I 
should suggest the consideration of a great deal smaller and 
weaker conductor on each of the adjacent spans, so that if the 
transmission line itself should go down the conductors of these 
spans might break before injuring the crossing span. 

1132. I am not sure what this paragraph means. If it refers 
to the use of the device consisting of an auxiliary insulator 
and a connection from it to the line cable, together with a 
grounded guard, against which the line cable is supposed to 
land in case it is burned off, the advisability of such provision 
seems to me questionable. I should prefer to make the cables 
heavy enough, and so protect them near the insulators, that 
they would be capable of successfully withstanding a power arc 
until the circuit breakers controlling the power line opened, 
or until the arc ruptured itself, in case the circuit breakers 
failed. 
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1(35. I do not see why the horizontal wind pressure should 
be added to the weight of the conductor and its covering of ice, 
instead of taking the resultant of the weight and wind pressure. 
I presume, that this wording of this item is an inadvertence. 

Frank F. Fowle (by letter): The paper by Mr. Babcock 
agrees very well in its general recommendations with the 
conclusions presented by the writer two years ago in a paper 
prepared for the Association of Railway Telegraph Superin¬ 
tendents, and since published. The writer also attacked the 
fallacy of screen and basketwork protection some four years 
ago, which Mr. Babcock aptly characterizes as an engineering 
anomaly. 

In general the problem presented,is that of designing a trans¬ 
mission line crossing so that it shall be stronger electrically 
and mechanically than the balance of the line, and so that the 
probability of failure shall be practically extinguished. The 
crossing should compare with the balance of the line as follows: 

T. The mechanical and electrical factors of safety should be 
greater* 

2. The conductors should have greater conductivity per unit 
of length. 

3. ‘ The conductor separations should be greater. 

4. The entire structure should be absolutely fire proof for 
voltages above 10,000. 

5. The protection against arcing should be greater, and against 
the effects of arcing. 

A factor of safety in mechanical stresses of 3 is often recom¬ 
mended for dead loads, but in view of the possibly great damage 
that would result from failure, a factor of 4 seems to me no more 
than adequate. In choosing a factor of safety, the elastic limit 
as well as the ultimate strength should be considered. 

For voltages below 10,000 where steel structures are for any 
reason not possible, the cross-arms and pins should be of steel 
^in any case. Single wooden poles are not desirable, and some 
form of fixture made of two or more poles, such as an A 
fixture, or an ‘‘ fixture, seems very essential. Wooden 
poles should be fire-proofed for several feet above the ground, 
and the butts should be creosoted. A factor of safety of 6 is 
recommended for all timber. Steel cross-arms and pins on 
timber structures should be thoroughly grounded. 

Insulators designed for electrical stresses 25 per cent in excess 
of the main line would seem to be no more than adequate, 
especially in view of the fact that the damage done by lightning, 
and the maximum stresses caused by it, are largely local. A 
larger margin of safety in the insulators appears to be desirable 
in districts where lightning is severe. ^ 

As regards conductors, the unreliability of single aluminum 
strands of small size prevents their use; and aluminum should 
always be stranded. No. 6 B. & S, copper has an ultimate 
strength of nearly 1,300 lb., and is hardly suitable for crossings 
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of this character. A minimum size of No. 2 B. & S. or No. 0 
B. & S., stranded, will be better practice. If this size of copper 
has more than the necessary conductivity, copper-clad steel 
of corresponding strength may be substituted. The conduc¬ 
tivity and diameter of conductor at the crossing should exceed 
that in the main line by at least 25 per cent. 

Low-tension circuits carried on the high-tension line should 
be treated at the crossing as though they were high-tension 
circuits, for a failure on the line at some distance from the 
crossing may impress a very high tension on these circuits for a 
short time, causing them to break down at numerous places. 
If this proves to be a more costly procedure than carrying them 
underground at the crossing, the latter course is the obvious one. 

Sleet loads vary greatly in different parts of the country, 
according to climate. A radial thickness of J inch may suffice 
in California or in the extreme South, but it is much too small 
in the Central and Eastern states. The writer has seen ac¬ 
cumulations on small wires in Illinois of about 1 inch radius, in 
severe storms. The records of the Weather Bureau will fre¬ 
quently furnish the necessary data upon which to base safe 
practice in this respect. 

A wind pressure of 20 lb. per sq. in. on flat surfaces normal to 
the wind, computed from the formula, 

^ = 0.004 (1) 

corresponds to a velocity of 70.7 miles per hour. The writer 
found that for a period of ten years, at Chicago, the highest 
recorded velocity during a severe sleet storm was 50 miles per 
hour. The Weather Bureau maxima are based on observations 
at 5-minute intervals with a cup anemometer. Observations 
made with the Dynes pressure anemometer show instantaneous 
velocities, as much as one-third in excess of the 5-minute maxima 
of the cup anemometer, uncorrected. This indicates instan¬ 
taneous true maxima as high as 67 miles per hour. 

The Chicago observatory is 310 ft. above the street level, and 
it is reasonable to expect that the corresponding maxima at 
heights of 50 to 60 feet are considerably less, but how much 
less it is not possible to say with great accuracy. The contour of 
the ground, the presence of sheltering trees and buildings, and 
the ^ general topography of the surrounding country, all have 
a vital bearing upon the wind pressures that may be expected 
at any given place. 

The matter of maintenance is as important as that of design 
or construction, in providing safety for all time. Non-corrosive 
conductors, such as copper and aluminum, will give no trouble 
unless there are certain gases present in considerable quantities, 
such as occur where there is a profusion of smoke from soft coal 
or fumes from chemical works. The corrosion of steel, however, 
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is another matter and a serious one. Galvanizing is an initial 
protection, but not permanent; and it cannot be renewed. It 
has a life of perhaps 15 years. Painted steel structures, peri¬ 
odically inspected and repainted, should have a much longer 
life, probably three times as great for permanent structures. 
The initial factor of safety cannot be maintained unless corrosion 
is prevented. The same is true with respect to the decay of 
timber. Therefore it appears to be an essential part of a crossing 
contract between a power company and a railroad company to 
provide for periodical inspections, and to place a limit upon the 
safe dimensions of structural members, so that the processes of 
corrosion or decay shall not defeat the original purpose. 

Another phase of this problem is a legal one, which assumes 
considerable importance from the railroad point of view. Gross¬ 
ings on private right of way are under the control of the railroad 
company, but this is not true as regards crossings upon high¬ 
ways or public roads. . The latter in most cases are subject to 
no further regulations than the state laws impose upon all wire 
crossings, which commonly specify a minimum clearance and 
sometimes minimum spans, steel pins and double cross-arms. 
It becomes the duty of electrical engineers to rectify this defect 
and point out the dangers. Legislation is much needed to 
place in the hands of the state railroad commissions the necessary 
authority to deal with such crossings and properly safeguard 
them. 

Percy H. Thomas (by letter): General. The crossing of 
railroad rights of way by power lines represents much the same 
problem as the crossing of public te ephone lines, the latter 
perhaps offering the widest exposure of the^ public to danger. 
Therefore it would perhaps be well to consider the two cases 
together. 

In general the plan outlined in the paper is sound.^ It will 
probably however be found, as in the past, impracticable to 
provide a single set of hard and fast specifications to cover all 
cases. Crossings vary greatly, not only in importance and ex¬ 
posure but as well in physical characteristics; from the crossing 
of "a main line railroad by a minimum length span of a power 
I lie to the very long span, possibly crossing a river with a little 
used branch railway line along one bank. Flexibility in the 
specifications could be obtained presumably by the relaxing of 
specific requirements where there appeared occasion for such a 
course, and where local conditions furnish justification therefor. 
The mutual sense of fairness between the engineers of the power 
and the railroad or telephone company must be relied upon^ to 
arrive at an equitable result in each case, the general specification 
giving a starting point and expressing the best practice for the 

average condition. _ . . 

As an examp e of varying conditions to be determined on 

by mutual agreement in any particular case I may mention th^e 
thickness of ice to be assumed in calculating break down strength. 
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While it may be well as a matter of principle to provide for 
the furnishing of full drawings to both parties, and serving long 
notice of construction with the idea that the company being 
crossed will check up all details of the design, experience will 
undoubtedly show the precaution to be omitted in a majority 
of cases. 

Specific Points in the Specifications ,—As one of the most dan¬ 
gerous possibilities is the burning off and dropping of a conductor, 
as by the puncture of an insulator, it may in some cases be well 
to support the span by a second auxiliary insulator which may 
furnish mechanical support even if the line conductor be else¬ 
where grounded. 

In cases of wooden cross arms where the nearby spans utilize 
ungrounded pins it would be well to ground the pins for several 
poles on each side of the crossing as otherwise lightning reaching 
the line near the crossing might find an easier ground path at 
the crossings insulator which must have a grounded pin. 

1[8. Guys properly installed should be considered as form¬ 
ing part of the strength of the structures. This applies as well 
to ijl2. 

^23. The requirement of a special insulator at the crossing 
while entirely reasonable in one sense will cause a great deal 
of labor in many cases and perhaps disproportionate expense, 
if for example a special structure for the tower were thereby re¬ 
quired. 

It is an open question whether the interlinked type of sus¬ 
pension insulator or the concentric type is really safer in pre¬ 
venting the dropping of the line in case of trouble. The weak¬ 
ness of the interlinked type is the ease with which the link may 
be burned off if the insulator is punctured. 

1[26. This clearance around the insulator seems a little ex¬ 
cessive and hardly necessary in all cases. 

^27. This section should be so worded as to clearly permit 
well galvanized steel. 

If28. It will not always be feasible and it will often be trivial 
to equalize the strain in the span conductors at the cross over. 

^32. This section is not very clear. , 

^33. The serving should extend to some distance on each side 
of the insulator. 

^35. This maximum wind stress seems too high for cylindrical 
surfaces; the value 12 has often been used. Of course in special 
localities the higher value may be warranted. 

If36. Taken in connection with all the other allowances made 
for^ safety it would seem safe to use a higher portion of the 
ultimate conductor strength, especially with a stranded con¬ 
ductor, than 0.3. For instance, 0.4 or even more has frequently 
been used. In taking extreme precautions in so many features 
an excessive total may be reached. 

Nothing is here specified about the simultaneous conditions 
that shall be taken to represent the most severe conductor strain. 
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A. H. Babcock (by letter): Mr. Mershon considers that the 
two spans adjacent to the crossing span should be constructed 
under the same specifications as the crossing span. Usually 
these two spans are on private rights-of-way with which the 
railroad company is not concerned, unless a mechanical weak¬ 
ness in these spans shall be the cause of a failure in the crossing 
span, a contingency paragraph 10 is expected to cover. In 
some cases where the power company plans have been sub¬ 
mitted, a head guy towards the tracks has been requested 
on the two outer poles of the adjacent spans. These combined 
with the guys mentioned in Section 10 effectually guard against 
mechanical troubles in the spans adjacent to the crossing span. 
His suggestion that there may be cases where it would be safer 
and better to have the power wires pass under the existing 
wire does not seem practical. Usually power companies object 
strongly to having any kind of a wire suspended over their 
circuits; and certainly were I in charge of the construction force 
of the railroad company I would not care to have my men string¬ 
ing telephone or signal wires over a live high tension trans¬ 
mission line any more than I think the power company’s engi¬ 
neers would like to have railroad line crews so engaged. 

His objection to paragraph 20 probably comes from a hasty 
reading of the said paragraph. 

The objection to paragraph 25 does not seem to be well 
taken since the paragraph states distinctly ^‘of the interconnected 
link type or its equivalent.” It is doubtful that any cemented 
type of insulator will stand a rifle ball and not drop the line, 
whereas an interconnected insulator, especially if located a 
considerable distance from the power house, can be completely 
shattered and not drop the line; furthermore since these insu¬ 
lators are specified for only a very few spans of the whole trans¬ 
mission line, their unit cost may be many times that of the 
other insulators used and not increase the total line cost ma¬ 
terially. 

His objection to paragraph 26 possibly will disappear if the 
provisions of this paragraph are taken into account in connec¬ 
tion with paragraph 29. The size of the conductor specified 
for the lower voltages in paragraph 27 was intended to coyer 
distribution circuits such as are commonly used in this section 
of the country where No. 6 copper has been found satisfactory. 
It is not usual to use wire of this size in long distance trans¬ 
mission line work except for unimportant branches. In these 
cases it is hardly likely that sufficient current to burn off a 
No. 6 cooper wire could be forced through it. 

He states that he is not quite sure what paragraph 32 means. 
Perhaps its meaning will be made clear by a statement of the 
fact that in the operation of the large net-work in Central 
California no form of automatic circuit breaker as yet developed 
has given satisfaction, and it is the custom to operate these 
circuits tied in solid to the power house without any automatic 
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devices intervening. Under these conditions it is evident that 
a grounding of the conductor when it comes down will be of 
considerable value, though it has not been found in practice 
that any grounding device installed at a distance from the 
power house will burn olf the conductor. 

I am glad to have my attention called to the possible am¬ 
biguity in paragraph 35. Up to this time it never had occurred 
to me that anyone would think of adding the horizontal wind 
and the gravity forces in any other fashion than as a geometric 
resultant. 

Mr. Fowles’. suggestion that the railroad company shall hold 
periodical inspections of the power company’s structures in the 
crossing span strikes me as being a good arrangement provided 
the railroad company does not thereby assume any legal re¬ 
sponsibility whatever for the safe operating condition of the 
power company’s structures. 

His suggestion that the conductivity and diameter of the 
conductor at the crossing shall exceed that in the main line by at 
least 25 per cent does not seem to me necessary for such trans¬ 
mission circuits as are operated in this part of the country, for 
the reason that it is practically impossible for any generating 
system to force into a net-work enough current to fuse any wire 
that is used. If any strengthening of the conductor at the 
crossings is needed, therefore, the reasons are purely mechanical, 
in which case it is proper to increase the ultimate strength of the 
section by a certain per cent, (say 25 in order to be consistent), 
rather than to increase by a stated amount, the diameter of the 
conductor, the material of which is not specified. 

For many years I have agreed with Mr. Thomas that it is 
impracticable to provide a single set of hard and fast specifica¬ 
tions to cover all cases and have consistently endeavored to have 
every crossing contract brought up as a separate matter. The 
table which forms the last paragraph of the original paper will 
show how difficult and how cumbersome this procedure can be¬ 
come, and after a number of years experience it was found de¬ 
sirable to draw up a general set of specifications, such as are here 
presented, for the guidance of the power companies in sub¬ 
mitting their plans; and to require of them the submission of 
the detailed ^plans and specifications called for in paragraph 2, 
and the notice specified in paragraph 3, so that the railroad 
company ma}^ have an opportunity to check the details. Should 
Mr. Thomas ever appear before the Southern Pacific Company 
as engineer for a transmission company about to install a 
crossing with the railroad company’s right-of-way he will find 
that detailed plans and specifications will be required by the 
railroad company and that his designs will be most carefully 
checked before the crossing contract is signed. In an organiza¬ 
tion less complete and less comprehensive than that of the rail¬ 
road company this precaution might be neglected; but the 
Harriman lines organization is more military in form than is 
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usually found in commercial enterprises. The division super¬ 
intendents are held personally responsible for all such matters 
and they would no more dare permit an unauthorized crossing to 
be installed and maintained over their lines than would a sub¬ 
altern manoeuver his command independent of the orders of 
his superior ofl&cer. 

Mr. Thomas considers that the guys installed should be in¬ 
cluded in the calculations of the strength of the structures. 
Doubtless this is necessarily so in the case of the wooden pole 
construction, otherwise the structure becomes bulky beyond all 
reason; but in the case of steel structures it would seem de¬ 
sirable not to include the guys in the structure calculations but 
to have them as an additional safeguard. 

Mr. Thomas' objection to the requirements of paragraph 23 
does not seem to me to be well taken because the cost of a 
large insulator on possibly two or three spans of a long line is 
certainly out of all proportion to the cost of possible damage of 
a single failure of the transmission line at this point. In the 
East it may be an open question whether the interconnected 
link type of suspended ins V^r or the concentric type is re^ly 
safer in preventing the dropping of the line in case of trouble, 
but experience in the West has shown distinctly that mter-hnk 
connection of this kind will not bum off in case of line trouble, 
unless such connections are very near the power station.. 

It is rather curious that Mr. Thomas should find in 
graph 26 an excessive req[uirement while Mr. Mershon finds the 

same paragraph to be too lenient. . . 

I cannot agree that paragraph 27 should be re-worded to per¬ 
mit of well galvanized steel. Under no conditions, especially 
around sea-fog belts, should galvanized steel conductors of any 
kind be permitted to cross the railroad company's right-of-way. 

Mr. Thomas is the only engineer so far who has objected to 
the provisions of paragraph 36. A conductor strung with a 
factor of safety of 2^ will be found to lie in a very flat curve, 
much flatter than is usually met with in practice. A safety 
factor of even 3|, such as is called for in the specifications, 
giyes a reasonably flat curve, and in many cases the ordinary 
line construction as installed at ordinary temperature^ 
much higher factors of safety than are herein required. The 
requirement of paragraph 36 is intended to cov^ excessive 
strains produced by low temperatures or high winds. 

I regret that Mr. Mershon's paper Transmisison Line 
Crossings over Railroads Gdzette^ Feb. 7, 1908, and 

Mr. Fowlqs' paper presented two years ago before the Associa- 
t*on of Railway Telegraph Superintendents, were unknown to 
me before these specifications were written—first, thaLI might 
have had the advantage of their experience, and second, that I 
might publicly have given them credit for such information 
from these papers as may be found in the specifications.^ 

In condusion I have to express my obligations for assistance 
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to Mr, E. B. Katte, chief engineer, Electric Traction, New 
York Central Lines, and also to Mr. Joseph T. Richards, chief 
engineer of Maintenance of Way of the Pennsylvania Lines, 
both of whom have favored me with copies of their standard 
specifications. 
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